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arrow & Oo., Ltd. les Limited, 


A veling & Porter, Ltd., 


RocuzsTsr, Kent. 
and 72, Canwon Street, Lonpoy. 

STBAM ROLLERS. ROAD LOCOMOTIVES. 
STBAM OULTIVATING MACHINERY. 
STEAM WAGONS, opp eed 
OBMBNT- MAKING MACHINERY. 


A. (F. MY wntord, [' 


CULVER STREBT WORKS, COLCHESTER. 
On ADMIRALTY AND Wark OFFIce Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, ne 43. 


PATENT WATER-TUBE BOILER 
AUTOMATIC FEED REGULATORS, 


And Auxiliary erect as supplied to the 
Admiralt 21 


enry Buiches & Co., 


VALUERS anp AUCTIONEERS 


‘ 


to the 
ENGINEERING, FOUNDRY, & METAL TRADES, 
ALSO FOR 
PLANT any MACHINERY. 6398 
63 and 64, CHANCERY LANB, W.C. 2. 
ranes. —Eleetric, Steam, 
Bee alge oe and HAND. 
GBORGE. RUSSELL & 0O., Lrp., 

otherwell, near Glasgow. 7264 





STEEL aan PIPBS, GASHOLDERS, &c. 


[Tthos. Piggott & Co., Limited, 
BIRMINGHAM. 7410 
See Advertisement last week, page 131. 


Plenty and Son, 
LxrMiTEp. 
MARINE ENGINEBRS, &c. 
Newsuer, Byve.ayp. 


ank Locomotives. 
Specification and Workmanship equal to 
Main Line Lecomotives. 








R. & W. HAWTHORN, LESLIE & CO., Lrp., 





Byvervesks, NewosstLe-on-TyNe. 7260 
B all |] earings 
divers British Large Sizes. 


LACKSTOUK BALL BEARING CO., 
London Office :—304, High Holborn, W.C. 1. 


For Illustrated Advertisement, see page 6. 7356 
in 








for High-class Castings 
Gun-metai, Phosphor and Manganese- Bronze, 
White Metal and other Alloys, up te 3-cwte. 
JOHN CLIFFE, Chemist and General Founder, 
—_ Brook Street, Birmingham. 1127 


“ (jpencer- FJ opwood” Patent 


Sole Makers: Boilers. 
W. H-SPENCER & CO., Hircutn, HErts, 
See page 10 


[2vincible (j2u8e (4 lasses. 


BUTTERWORTH BROS, Lid., 
Newton Heath Glass Works, 


—— 





“1Y 


'Y: SHIPBUILDERS AND ENGINEERS, 
GLASGOW. 


5 
SPEEDS UP TO 46 MILES AN HOUR. 
PADDLE OR SCREW STBAMERS OF 
BXxceprionaL SHALLOW Draveur. 
Repairs on Pacific Coast 
by YARROWS, LIMITED, Victoria, British 
Columbia, 6876 
SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


(\ampbells & Heer, L4. 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 


achts, Launches, or Barges, 

Built compinte with Steam, Oil or Petrol 
Motors, ; or Machinery supplied. Od 3661 
VOSPER & CO., Lrp., Broap Street, PortsmouTu 


FOR % 
rop orgings 


GARTSHEREIB ENGINEERING & FORGE CO., 
50, Wellington Street, Glasgow. 6961 
OQ" 


Fre! A Ppliances. 


PRESSURE, 
AIR, 
STEAM. 





4547 











SYSTEMS { 


FOR BOILERS OF ALL TYPHS. 


Kermodes Limited, 
35, Tae TemPLe, Date Street, LIVERPOOL ; 
a 


109, Farcuvncn Sraner, Lonpon. 
NAVAL OUTFITS A SPECIALTY. 
ocomotives Tank En gines 


ed and constructed NY, 


MANNING, “wi DLE AND A ae ere 
Boyne Bn Works, 


yne 
See their Illus. Advertisement, page di, test 9 tm 


(Cochran MULTITUBULAR AND 


CROSS-TUBE. TYPKS. 
See page 125. 7263 


Bowers. 


RAILWAY AND TRAMWAY ROLLING STOCK. 


H™ ‘Nelson & Co. L td. 


Tut Giaseow Roitine Stock anp PLANT vous 
MoTHERWELL. d 3383 


4078 





i 














Hey Wels Qi Co 


ll, HAYMARKRT, 


London, 8.W. 1. 


q Aptol " Lpbricants. 








; Manchester. Od 975 Works: SALFORD, Mancuester. 7184 
S H Heywood & Co., Ltd., S H Herwood & Co., Ltd., 
. REDDISH. 7182 ~ REDDISH. 7182 
ores _ELECTRIC TRANSPORTERS. BLECTRIC LIFTS (up ro 35 TONS). 

Faller, Horsey,Sons & Cassell, ihe yn Railway 
ALISTS Engineering Company, 
GLASGOW. Lap., 

SALE AND VALUATION London Office—13, Victoria Street, 5.W. 
PLANT AND MACHINERY 1834 ANUFACTURERS OF 


ENGINEERING WORKS. 
11, BILLITBR SQUARB, B.C. 3. 


M 
RAILWAY CARRIAGE, WAGON & TRAMWAY 


WHEELS & AXLES. 
CARRIAGE & WAGON IKONWORK, also 
CAST-STEBL AXLE BOXES, _ 7312 





Iron and Steel 


(['ubes and EF Apparat! 


The Scottish "Tr Tube Oo., Lid. 


HEAD Orvice ; 34, Robertson Street, Glasgow. 


\New Chicago Automatics, 


Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1j in. through the wire feed. 


JOHN MACNAB, Many §Sraesr, Hrps. 





ove Advertisement page 99, Feb. 7. 
eee 





Tel. No.: 78 Hyde. 6874 


Bellamy, Limited, 


»| pohn 

MILLWALL, LONDON, 8. 
General ConsTrucTionaL ENGINEERS, 
Boilers, Tanks & Mooring Buoys 
Stmis, Perro. Tawks, ATR RECEIVERS, STEEL 
CHiMNeEYs, RIVETED STEAM AND VENTILATING PIPFS, 
HopPERs, SpeciaL Work, Re PAIRS OF ALL KINDS. 


[[\ubes Fittings. 


1216 


and 


Stewarts and Lvs, L 


Glasgow and Birmingham. 


See Advertisement page 126. 7268 


Rubber 


Belting 


MANU FACTU RERS 


GUTTA PERCHA & RUBBER, LIMITED 


Toronto Canacia. 6702 
CARBON 
C’O2 Plants eR) 


for Chemical Wks., Mine.al Water Mfrs., Breweries, 
and all other punposes,— RE d& CAMPBELL, Lta,, 
109, Victoria St., S.W. 1 (* Valorem, London.” 4). 


B F.A. Fire Extinguishers 


are foremost as fire fighters. No Acids. No Alkalis. 

Safe to use and always ready.— BrRiTisH Fire AppP.i- 

ANCES CO., , Lta., 109, Vietoria St., London, 8.W. 2 
rittall. 


(rittall. 


CHEMICAL ANALYSIS 


Physical Tests. 

Microscopical Examinations. 
Heat Treatment & Pyrometer 
Tests. 

Critical Range Determinations. 


Scane or Fees on APPLicaTion. 


THE CRITTALL MANUFACTURING CO., Lrp., 
BraintTrer, Hesex. 


Chief Metallurgist, H.S. PRIMROSE. 


Che ee 
CHANTIBRS & & ATRLIERS oe 
Agustin - ormand 


67, rue de Perrey—LE HAVRE 
(France). 





Destroyers, Torpedo Boats, Yachts and Fast Boats. 
Submarine and Submersible Boats 
NORMAND'S Patent Vaewe Boilers, Coal or O11 





a Heating. Diesel Of] Engines. 
S H Heywood & Co., Ltd., 
- REDDISH. 7183 


__BLBOTRIC CRANES, - 4 
Time Recorder, as New, 
ranteed, latest model. WHAT OFFERS? 


—A.G. PELLEY, 149, Farringdon Road, BC. 1. G 158 





as and Oil Engine Repairs. 
—B. J. DAVIS & OCO., Great Hastern Read, 
Stratford, B. 16. 


Tel. : 736 and 737 "ee 8 
Lendon 


3890 t WSs Lrp., Dy pet Rn 


oy 
Rez ENGINEERS, IRLAM, MANCHESTER. 
FEED WATER HEATERS, 

CALORIFIEKS, EVAPORATORS, | Row’'s 
CONDENSERS, AIR HEATERS 
STEAM AND Gas. BITLks. 
Merrili’s Patent TWIN STRAIN 


tor 
SYPHONIASTHAM TRAPS, REDUCING VALVES. 
High-class GUNMBTAL STRAM FITTINGS. 
ATRR SOFTENING and FILTERING, 8128 


Y arrow Patent 


ater-tube oilers. 


6877 
Messrs. YARROW & CO., UNDERTAKE the 
PRESSING and MACHINING of the various 
of Yarrow Boilers, such as the Steam Drums, Water 
Pockets, and Superheaters for British and Foreign 
Firms not a Se 
YARROW & © 





the necessary facilities, 
Lrp., Scorsroun, GLASGOW. | 


Matthew pa & C» I Lt 


Leveyrorp Works, 
See Full Page Advt., » Page 18, mint %. 








Forgings. 
Weiler Gomers & Co., Ltd., 


HALESOWEN, 





“‘Pelt= Brand gyoqivhunivaaLLors. 


Pow DELTA MUTAL COn Lap, 6068 
B.Gaeenwicn, LONDON, 8.8. i(k Briana. 


['sylor & (jhallen 


Presses. 
8195 


TAYLOR &CHALLEN, Ly., Engineers, Biamivenam 
See Full baat Advertisement Feb, 7 


Railway. 


G witches and 
C rossings. 


tT. weeex ~~ & oo a LIMITED, 
DanLineros 


Yement. —Maxted & Knott, 


Consultin; very, t.. cors, ADVISE 
GuNknaL . by 


LY on pro: posgened Se 
ENGLAND AND ABROAD, men DVI ONLY. 
Highest references. Kstablished 1890. 

Address, BURNETT AVENUE, Hui. 


Cablegrams: “* Energy, Hull,” 


achine and Engineering 
M bre eg all Comnrttion, Saaeee fer 

anu tentees, e repairs 
—~ is. Best works spultanes af 





” 


and 
Ltd 
are prepared to undertake the tt articles 
at present made abroad, and Mpoiend ~ ezey to 

92n) 


from firms desiring such work ex 
Hevwood & Co., Ltd., 


S.H. REDDISH. 7189 


LOCOMOTIVE TRAVERSERS (Buxorntc). 


P. & W. MacLellan, Limited, 


CLUTHA WORKS, GLASGOW, 
MANUFACTURERS OF 


RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 


RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Ohief Offices: 129, Trongate, GLaseow. Od 8647 





i 











BUILDERS of RAILWAY CARRIAGRS & WAGONS. 
MAKERS of WHEELS and AXLHS of all kinds. 
RAILWAY WAGONS FOR HIRE. 

Chief Works and Offices : 
WISHAW, near GLASGOW. 


Gram.: Rapidising, 1794 | Registered Offices : 1084, Cannon St., London, B.O, 
R. RP Y. Pickering & & Oo., Ltd., (Nentrifugals. 


Pott, (Nassels & Williamson, 


MOTHERWELL, SOOTLAND, 











Office : 
3, Vicronta Staeet, Wesrmineren, 8.W. 


See half-page Advertisement page 56, Jan. 24, 
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-ENGINEERING, 


[ Fes. 14, 19109. 








’ 
[the Manchester Steam Users 
tue Prevent AE i Relient 
For en! 
je ene a meen, in the — 
of Steam. ount STREET, 

Chief Engineer: OC. B. STROMBYBR, M.1.0.B. 
Fou 1854 by Sir WriLiaM Farrparen. 
Certifieates of Safetyissued under the Factory and 
Werkshops Act, 1901. Compensation for Damages 
and Liabilities paid in case ef Explosions. Engines 
and Beilers inspected during constructien. 6661 


Roya! Show, Cardiff. 


JUNE 2th to JUNE 28th, 1919. 


IMPLEMENTS, 
The Regulations and Forms of Appli- 
cation for Space are now ready. 
must be made by 





Poultry, Rabbits, Preduce and Flower 
Show on MAY 3lst; Cider and Perry 
Entries close on MAY lst. 
THOMAS McROW, Secretary. 
Novat AGRICULTURAL Society OF ENGLAND, 
16, Bedford Square, London, W.C, 1. 
January 1919. ne S 783 
ASSOCIATION OF ENGINEERING AND 
SHIPBUILDING DRAUGHTSMEN. 


CENTRAL LONDON SUB-BRANCH, 


[the Quarterly Meeting of 

MEMBERS will be held at the CENTRAL 
HALL, WESTMINSTER, W. 1, on Fray, 
2ist Peprvary, at 7.30 p.m. prompt. 

Business of great importance will be brought 
forward, and all members are specially requested to 
be present. 

articulars of the Association can be obtained 
from the Recruiting Secretary, Mr. A. KEY, 
129, The Grove, W. 6. 8 636 





M. Rk. DEWHORST, 


Hon, Secretary. 


[J 2iversi ty of Liverpool, 
SESSION 1918-19, 
FACULTY OF ENGINEERING. 
-Asseciate Professor J, Wemyss ANDERSON, 
M.Ung., M Inst.C.K, 
Prospectuses and full particulars of the following 
a be obtained on application to the RKGISTRAR : 
inginoering. Hlectrical Engineering, Civil Kn- 
gineering, Naval Architecture, Marine Engineering, 
Bngineering Design and Drawing,and Refrigeration, 
Mathematics, Physics, Chemistry. S 593 


\ Jorthampton Polytechnic 
4 INSTITUTE. 
St. John Street, Clerkenwell, K.C. 1. 





Dean 


Principal—R, MOLLINEUX WALMSLEY, D.sc. 


A SPECIAL COURSE of Practical Instruction, 
extending over twelve weeks, will be given in Oxy- 
Acetylene Welding, on Monday, Wednesday and 
Friday evenings, from 7.0 to 9.30, commencing on 
the 17th inst. Fee for the course £1, 5 598 


nst. C.E., I. Mech. E., B.Sc., 
and all Engineering Examinations.— Mr. G. P. 
KNOWLHS, B.Sc., Assoc. M. Inst. C.B., F.S.1., 
M.R.San.1., PREPARES CANDIDATES personally 
er by correspondence. Hundreds of successes. 
may commence at any time,—39, Victoria 

8t., Westminster, 8.W. 74 


Eagineerin Special Classes. 
Marine & Aero- Engines, Alternating Currents, 
Wireless Course, Ferro-Concrete, Refrigeration, 
Pract. Maths. and Calculus.—PENNINGTONS, 
University Tutors, 254, Oxford Rd., Manchester. 


] 28¢. C.E., Inst. Mech. E., 


and all Engineering Exams. Correspondence 
coaching by practical engineers. 1.0.E. successes 265 
out of 293. © Bayliss Prizes, ‘‘Proxime Accessit.” 
Special features for foreign candidates. Write for 
hookl-t, &c.—Address, 7434, Offices of ENGINEERING. 


embers of Institutions can 
have their PAPERS or LECTURES 
DELIVERED effectively by experienced Public 
Reader (Engineer).—S 350, Offices of ENGINEERING. 


Reconstruction. — Firms Re- 
QUIRING experienced and competent 
MANAGERS or FOR®&MEN are requested to com- 
municate with the SECRETARY of the Coventry 
FoREMEN's AssoctaTiOM OF ENGINEERING & ALLIED 

Trapes, Lrp., at No, 7, The Quadrant, Coventry. 
5 612 











TENDERS. 
CITY OF BIRMINGHAM, 
TRAMWAYS DEPARTMENT. 


ELECTRIC TRAMWAY CARS. 
The Tramways Committee are prepared to receive— 


(Tenders for the Supp! . 
DBLIVERY, and ERECTION OF ADDI- 
TIONAL ROLLING STOCK. 

A Form of Tender, with instructions, general 
conditions, specification drawings can be 
obtained on application to the undersigned at the 
Trimwa: es, The Council House, .Congrev 
Street, Birmingham, on re of £2, which will, 
after the Committee sha ve come to a decisi 





Employers and the Local Drganivea Bodies of 
Workers in the various trades in the several districts 
where the works are being done. The Tender of 
any Contractor who does not pay the Trade Union 
or Standard Rate of Wages or observe similar 
conditions in his ordinary business will not be 
accepted, 

Tenders must be enclosed in a sealed cover, 
addressed to the CuarIRMAN OF THE TRAMWAYS 
Commirrre, The Council House, Congreve Street, 
Birmingham, and endorsed in the left hand corner, 
“Tender for Rolling Stock,” and must be handed 
in not later than fren o'clock on Wednesday, the 
5th March, 1919. 

Phe Tramways Committee do not bind themselves 
to accept the lowest or any tender. 

ALFRED BAKER, 
General Manager. 
Tramway Offices, 
The Council House, 
Congreve Street, 
Binningham. S 465 


"MINISTRY OF MUNITIONS, LRELAND. 
DUBLIN NATIONAL SHELL AND FUSE 
FACTORIES. 





WATERFORD NATIONAL CARTRIDGE 
FACTORY. 


CORK NATIONAL SHELL FACTORY. 
GALWAY NATIONAL SHELL FACTORY. 


It is notified that 


()iters for the Plant, 
MACHINE TOOLS, EQUIPMENT, 

&c., of the above mentioned Factories 
should be made to the DIRECTORS, Muivistry 


or Munrrions, 32, Nassau Street, Dublin, not later 
than the 20rn Frerruary, 1919. $725 


APPOINTMENTS OPEN. 





ROYAL TECHNICAL INSTITUTE, SALFORD. 


Principal—B. Prentice, D.Sc., Ph.D. 


| ecturer in Electrical Engi- 
NEKRING WANTED, to commence 
March Ist. Kngineering degree and works ex- 
perience essential. Salary according to scale and 
teaching experience.—Particulars and forms of 
application may be obtained trom the SECRETARY 
to the Education Committee, Education Office, 
Chapel Street, Salford, and must be returned not 
later than February 19th. 8 5vl 
L. C. EVANS, Town Clerk, 
HULL KDUCATION COMMITTER. 


MUNICIPAL TECHNICAL COLLEGE. 
Principal, Mr. T. LUXTON, B.A., B.Se. (Lond.). 


ASSISTANT LECTURER ON ENGINEERING, 


n Assistant Lecturer on 

ENGINEERING is REQUIRED for the 

above College. Hons. Degree requisite. Salary 

£250, rising to £350, with additional payment, for 

Evening Classes. Commencing salary according to 
experience. 

Forms of application may be obtained from the 
undersigned on receipt of a stamped addressed 
foolscap envelope, and must be returned s@ as to 
reach these offices not later than the 21st February, 
1919. 


J. T. RILEY, 
Director of Bducation, 
Education Offices, 
Albion Street, Hull. 
3rd February, 1919. S$ 541 


~ UNIVERSITY COLLEGE, NOTTINGHAM. 
LECTURER IN ELECTRICAL ENGINEERING. 


The Council of the College invite 


A Pplications for the Post of 
SENIOR LECTURER in Electrical Engi- 
neering, commencing salary £300 per annum. 
Further particulars and application forms may 
be obtained from the ReGisTRaR, to whom applica 
tions must be sent not later than 3rd March. 5S 568 


W anted, Assistant Buyer for 


large Electrical Engineering Company. 
previous experience essential.—state full particulars 
and salary required to “BUYER,” care of W. H. 
Smira & Son, Advertising Agents, = 





Manchester. 


" ‘ a e ° © 
(Chief Turbine Designing En- 
GINEER REQUIRED, Manchester district. 
Must be thoroughly experienced in Impulse Tur- 
bines and Rotary Blowers. Only first-class men with 
sound experience in above need > 


stating age, full experience and sa 
8 542, ‘Dances of ENGINEERING. 


Metallurgical Chemist 

REQUIRED by Motor Car and Aero Engine 
Manufacturers. Chemist with practical knowledge 
and experience of carbon and alloy steels, heat- 
treatment, non-ferrous ar physical testing and 
metallography. Give fu ulars, age, ex- 
perience, etc., to S 5&4, Offices of ENGINEERING. 


Re uired for Large Combined 
N.E 


ary required, 








Shipbuilding and Engineeri Works on 
-B. coast, Mngland, SHIPYARD MANAGER. 
Must be fully qualified in practical knowledge and 
conversant with handling of working arrangements 
with gy note ederation and Association 
business. Op unity of future advancement for 
suitable applicant.— Address, S 633, of 
ENGINERRING. 





upon the tenders received, but not before, be 
returned to the tenderer, provided he shall have 
sent in a bona fide tender. 
Persons Tendering must at the time of Tenderi: 
and at all times during the execution of the wor 
(except such as may 
visions 


~ several Spey AF 
engaged n exec 

of the works, and cent abe the hours 

and conditions of labour, as well as aforesaid 

rate of wages, recognised by the Associations of 





Exgineer Wanted for Factory 
near Bristol, to take charge of plant of 
moderate size, acquainted with steam and electric 
— and steam boiling vessels, pumps, etc. 
rawing office experience desirable.—State age and 
salary required, to S 620, Offices of ENGIXEERING. 


A Ssistant Required in Esti- 


ma De t of ilar eral 
aa 
age, and salary required, 





ress, § 


5 627, Offices INEERING. 


| technical training. 





ny ; 
S teel Foundry Manager 
REQUIRED for a large works in South Mid- 
lands, Must have exceptional all-round experience 
of high-class steel castings, electric furnace, con- 
verters and Siemens-Martin. Output 
—Address, stating salary required and 
lars, 8 628, Offices of ENGINEFRING. 


A Company Manufacturing 
Electrical Speciality for use on Railways, 
REQUIRES the services of aSALASMAN ENGI- 
NEER to extend their sales. cants must 
have good connection and should state their 
knowledge of Railway working and Officials and 
salary required, to 8 631, Offices of ENGINEERING. 


osting and Estimating Clerk 

REQUIRED for General Engineering Works, 

must be able to take out quantities from drawings. 

Address, giving full details of qualifications, age and 
salary required, 8S 710, Offices of ENGINEERING. 


Rolling Mill Engineer 
REQUIRED by progressive Rolling Mill 
makers. Gentleman with intimate knowledge of 
design of Rolling Mills, capable of estimating, inter- 
viewing and generally taking over the design and 
sales department.—Address, S764, Offices of 
ENGINEERING. 
W orks Manager Wanted for 
Engineering Works in South of England, 
roducing Small Oil Engines and other Repetition 
Work. Only men thoreughly experienced in 
Modern Machine Tool Practice, and in fixing Piece 
Work Prices need apply. Excellent opening for 
first rate man, with good organising ability. State 


experience, age, and salary required.—Address, 
8 72%, Offices of ENGINEERING. 


(Constructor, Highly 
enced (age immaterial) WANTED, also several 
neat TRACERS for bee arty Machines, also 
Labour-3saving Machine Tools. Well-paid, progressive 
position. South o: England,—Address, in confidence, 
with full particulars as to experience, references, 
salary, 8S 730, Offices of ENGINEMRING. 


Hygineer Wanted for Wire- 


Drawing Plant. Must be thoroughly 
conversant with the whole running of a wire- 
drawing plant for the manufacture of all sorts of 
wire used in wire-rope making, required to take 
charge of factory abroad.— Write, stating experience 
to Z. R. 513, care of Deacon's, Leadenhall Street, 
London, E.C. 3. S 744 


: ° = 
R econstruction in France.— 

v WANTED immediately, a Competent 
ENGINEER, to represent in Paris the interests of a 
Leading Firm of English Contractors. It is essential 
that applicants should not only be qualified to carry 
out and direct Works of Construction, but should be 
of good appearance and address, capable of conduct- 
ing negotiations and a fluent French scholar.—Write 
giving age and full particulars of qualifications and 
past experience to BOX 721b, SMITH ’s, 21, Bush 
Lane, London, B.C, 4. 8 772 


Wautedioran Indian Railway, 


TWO Young ASSISTANT ENGINEERS 
of good technical education and some experience 
(not necessarily in India) of maintenance and con- 
struction. Write to B. A. R., care of STREET’s, 
30, Cornhill, E.C. 3, stating school and subsequent 

S 602 


bonus 7 
full alien 











Experi- 








NOTICE. 
BOMBAY MUNICIPALITY. 


A Pplications are Invited for 
the POST of ASSISTANT ENGINEER, 
ROADS, in the Public Works Department of the 
Bombay Municipality. 

(2) Applicants should have had at least 15 years 
experience in road construction and maintenance 
with various materials and should have held an 
appointment as Chief Surveyor, with the control 
and direction of large bodies of workmen. They 
should be experienced in quarrying operations 
preferably in trap rock, have knowledge of stone 
sett and wood paving, have practical experience of 
tar and bituminous construction work, and fully 
understand the use and application of the relative 
mechanical appliances. 

(3) The duties ef the post will consist chiefly in 
organizing labour, in guiding and training the staff 
in modern scientific methods, and in closely super- 
vising the constrnetion of, and repairs to, all Roads 
and Streets within the jurisdiction of the Munici- 

lity and under the direction of the Executive 

ngineer. 

(4) Preference will be given to candidates who 
ha:e qualified as Members of the Institute of Civil 
Engineers or of the Municipal and County 
Engmeers and who have had experience of Road 
Board Work. 

(5) Age should be between 30 and 45 years. 

(6) The appointment has been sanctioned pro- 
visionally fur a period of five og ata salary of 
Rs. 800/- per mensem rising to Rs. 1,000/- per men. 
sem by annual increments of Ks. 50/-. A conveyance 
allowance of Rs. 100/- per mensem is attached to the 


t. 
arc The successful candidate will be required to 
roduce a certificate (from a competent source) of 
Rtness for service in the tropics. 

(8) The successful candidate, if appointed in 
India will be allowed first class railway fare to 
Bombay, and if appointed from the British Isles a 
first class free passage out to Bombay with full pay 
during the vo: 

(9) One entie privilege leave for every 1) 
months’ active service subject to a maximum of 3 
=a a at one time wate allowed. » oe a 

10) A ms with one copy eac ree 
- nt pettmontals shonld be addressed te the 

n ed and should reach him not later than 
15th April, 1919. Applicants should state the 
earliest date on which t can take up the appoint- 
ment after ree W aaan of  amcaceama 

JAMES W. MACRISUN, 
B.Se., M.Inst.C.E., 
Executive Engineer, 
Bombay Municipality. 
Municipal Offices, Bombay, ae 


9th January, 1919. 
Once for a 





anted at 
Colliery in the Midlands, ELECTRICIAN, 


used te berm | current, and mixed pressure 
turbine.—Address, § 781, Offices of ENe@rxEERING. 





A in the Midlands, have an OP: 


ING ¢ 
YOUTH of edu the 


cation as premium pupil, the 


Large Firm of Engineers | 


course to include both works and drawing office. — 
ddresas, 4359, Offices of Exe 





A 
()\4-Established Firm of Old | 


METAL DEALERS in the North of England, 
with well canipped Borer UIRE the 
services of a CAPABLE MANAGER. — Write, stating 
age, qualifications and salary required, to K. A. 
= of J. W. Vickers & Co., Lrp., 5, Nicholas Lane, 

4, 8 753 


W 2nted, Qualified Electrical 


ENGINEKBR to take charge of large 
Shipyard installation on East Coast of Scotland, 
comprising 3000 kilowatts alternating and direct 
current motors, and lighting, supply from two sub. 
stations with rotary converters and transformers, 
Applicants should be thoroughly conversant with 
power installations on A.C. aud D.C, systems, and 
be capable of carrying out extensions if required, 
Preference will be given to applicant with ex peri- 
ence in shipyard power work. Permanent situation 
tosuitable man.—A pplications giving full particulars 
as to age, exsecrience, and salary required, with 
copies (only) of testimonials, to be forwarded to 
S 669, Offices of ENGINEFRING. 


Wanted, Works Manager 


(full shop hours) for engineering works 
in N.W. of England, employing 200 hands on very 
varied output, mcluding boiler work. State age and 

ualifications. 
474, Offices of ENGINEERING. 











Commencing salary £500.—Adcress, ~ 


Manager Required for Boiler- 7 


works employing 100 bands, 
opening for an experienced man, could take financial © 
interest later if desired. Only applicants having 
held similar appointment need apply, stating age, 
experience and salary required, to 
BUILERWO»wKS, Lrp., Newark-on-Trent. 8 472 © 


Requires, for large combined ” 
S 


ipbuilding and Engineerin, 
N.E.C. England, SHIPYARD MANAGER. Must be 
fully qualified in practical knowledge, and conversant 
with handling of working arrangements with em- 
ployees and ali Federation and Asseciation business, 
Opportunity of future advancement for suitable ~ 
applicant.—Address, 8 357, Offices of ENGINEERLNG- 





()'4-established Engineering 
Firm, manufacturing a speciality in great 
and increasing demand, requires the services of a 
gentleman to organize and take charge of Colcnial 
and a salesdepartment. Must be experienced 
in arranging Agencies and have traveWed. Sub- 
stantial position for suitable man.—Address, S 262, 
Offices of ENGINEERING. 


(F004 Opening Occurs for a 


young man as PROGRESS CLERK in con- 
nection with the mass production of medium-size 
engineering articles in a modern Works in Leices- 
tershire. Unly those with considerable experience 
of work in connection with the Progress records of 
repetition work need apply. State age, experience, ~ 
and class of work previously engag on, and when 
disengaged, in first instance. 244, Offices of 
BNGINEERING. 








Wanted, Engineer to Take 


FULL CHARGE of a large establishment 9 
manufacturing Enamelware in Italy. Experience ™ 
and knowledge of French or Italian is essential), and” 
must have a thorough understanding of the use of 
chemicals, plant, &c,, employed. in this industry. 

For further ———— write to F 
$, ROBINSON & CO., S 8” 
5, Gloucester Mansions, Cambridge Circus, W.C. 275 


¥. 


. ~~ so 

W anted, an Assistant Esti- 
MATOR with technical experience in engines © 

and turbines. Please state age. experience y 
salary. Application will be considered contidential. ~ 
—Address, “* TECHNICAL,” Wm. Porrrous & C0. — 
Advertising Agents, Glasgow. i) ee 





utside Representative.— 
Messrs. THWAIT BROTHERS, LTD, 
Bradford, REQUIRE the SERVICES of an energetit 
and well-trained ENGINEER, having, for prefer 
ence, some experience in Iron and Steel Foundry, 
Plants, —- sing converters, cupolas and blowers, ~ 
as OUTSIDE REPRBSENTATIVE and TRAVKI- 
LER. Applications from purely commercially” 
trained men will not be considered. Appli : 
must have had works’ experience. Good salary and 
ge aye position to suitable man. Applications” 
n the first case must be in writing adaressed 0 
the firm, and should state experience and ae 


required. is 
C erk of Works or Engineer 
WANTED, to euperintend the erection & 
new extensions to large Engineering Works in t 
North of England. ; 
Applicants should preferably have had experien 
in the laying out of modern Engineering Works 
and a knowledge of the best practice in heating” 
lighting and ventilating. 
goer te close on completion of Contracts.” 
Full particulars and salary required, to 5 614 
Offices of ENGINEERING. 


orks Manager Wanted by 
an engineering firm in Scotland with —— Z 
1800 employees and manufacturing heavy ® 
medium engines, pumps and other specialities. 
Only those with successful ement ex 
perience in modern e shops and in foundry 
practice (including repetition work) need apply... 
State age, qualifications, and salary required (©) 
8 641, Offices of EnGINEERING, < 





((onstructional E ngineer in 
the Manchester District REQUIRES services 
of GENERAL FOREMAN, who must be thoroughly 
practical, accustomed to up-todate methods oa 
ee en of men. ee salary 

us paid.—. 
and to § 648, of BNGIyPERI 


rogressive @ 


HE FARKKAK 


Works on @ 
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TORSIONAL LOADS IN THE FUSELAGE 
OF AN AEROPLANE. 

By A. J. Surron Preparp, M.Sc., F.R.Ae.8. 
1. General.—A f may be subjected to 
air loads which tend to twist it about a longitudinal 
axis either through unequal loading on the port 
and starboard sides of the tail plane or through 
the fin and rudder loads being offset from the axis. 
In order to design a suitable structure it is necessary 
to know how these external loads are transmitted 
through the bracing. In calculations upon the 
torsional rigidity of a fuselage also it is essential 
to know the stiffness of the structure, t.¢., the 
distortion under torque. If a complete 
fuselage is available the best method of obtaining 
this latter figure is by direct measurement, but in 
most cases this is not practicable, and the designer 


In the bottom panel bracing the opposite diagonal | 
wires are stretched; so if &,, 1, and a, represent 


corresponding values to k, t and a for top 
panels, then the total work done on the bottom 
panel wires will be : 





— My hth 
= 557 3 
Put 
bth _, 
a 
so that : 
pe 
U= 552% . . : (3) 


Now, considering the side panels :— 

Let K Q and K, Q be the loads in a port and 
starboard wire respectively. 

Let L and L, be the lengths of these wires. 

Iet'A and A, be the cross-sectional areas of these 





must have recourse to calculation. Many methods 
of calculation have been advanced, but the one | 
given in this article is easy to use and has the| 
advantage that much of the work is done on the | 
drawing board. 

2. Assumptions.—In investigating a problem of | 


this kind it is necessary to make certain assumptions, | | we have : 
and these must be clearly borne in mind when 


applying the results. Such assumptions are as 
follows :— 

First, the whole of the deformation of the fuselage | 
is supposed due to the stretch of the panel bracing | 
wires. The compression of the wooden members 
is small compared with this, and it is sufficiently 
accurate to ignore such compression. A slight 
extension of the work, however, will include its 
effect if a further degree of accuracy is required. 

Secondly, the bulkhead bracing wires are con- 
sidered to be inoperative. 
rather unjustifiable, especially as these wires are 
often referred to as torsion wires, but observation 
of many tests shows that this is a perfectly sound 
assumption. 

Thirdly, it is assumed that the cross-section of 
the fuselage is everywhere rectangular. 

Fourthly, the fittings are supposed to be of such 
a type that they do not slide along the longerons | 
under a load. 


3. Method of Solution.—Consider a fuselage as, 
shown in Fig. 1 to be supported at the centre | 
section ABCD, and to be under a torque = yp! 


at the end. 
The torque may be resolved into two couples 
consisting of P P and QQ acting in the planes of 


the top and bottom, and the side panels respectively. | 


Then 
Pd+Qb=y4. . , (1) 


where d is the depth of the fuselage and b the breadth 


at the end section. 


It is clear that P and Q can be given an infinite 


number of values satisfying the equation (1), but 
if the correct ones can be found our problem is 
solved. Assume then that P and Q are the required 


forces. P and Q will be such that the work stored | 


in the structure will be a minimum. 

Considering the top face of the fuselage it is 
evident that the bracing wires are stressed by the 
load P. 

Let the length of any wire be 1. 

Let the load in this wire be k P. 

Let the cross-section of the wire be a. 

Let the modulus of elasticity of the wire = E. 

Then the extension of the wire will be : 

kPl 

aE ™ 
and the work done on the wire in stretching it 
will be : 





u = RRP x ce" 
ke Pel 
2ak 


The total work done in stretching the whole 


of the top panel bracing wires is : 


pe el 
U, =... 
r sn7 
Put: 
Ri 
— = Zz 
a 
80 that : 
Ur =e ZS. 0 . . (2) 





This at first appears’ 


wires. 
Let Up and Us; be the total work done on the 
wires of the port and starboard sides respectively. 
Then putting : 
KL = x and Ki? ly = x 








a 195 
a 
$uO0=U0’ 
or 
Pin BRE ovrrguerri, od, ea 
“ 


Let © be the total angle turncd through by the 
end -of the fuselage. 
Then : 


6=20=220' 
“ 


But 
zrU=0 
gy Bic! sisig ns Ch gy 
rm 


4. eee 
applying the foregoing results is as follows: Draw 
stress diagrams for the four faces of the fuselage 
with unit loads applied in the directions, 
i.e., the directions indicated in the figure by the 
forces P, P,Q and Q. If the faces are 
about a longitudinal axis two stress diagrams only 


was be needed, but if they are not, four must be 


“a Ai ; Pete teat bd tid wheed bashed bitin ttinsy Gihpeamen 

| will equal numerically the values of K, K,, & and k, 

U, = @ =x. . . (4) |required, and these should be tabulated, The 

ae 2E | values of L, L,, J and J, are scaled direct from the 
@ frame diagram, and A, A,, &c., are known. Hence 

U=-+ =X - + (5) | the values of X, X,, x and a, are known for every 


Then the total work done on the whole of the | 
wires of the fuselage is U, where : 


U = U, + Us + U, + U; 








($743) 


oe from (2), (3), (4) and (5) : 
Ua 5 (2e+2a)+ 2 (2X+2K) 66) 


But from cailas (1): 


P— w—Qbdb 
d 
| Substitute this value in equation (6), which 
| becomes : 


— (eh — QbP 1s v Qe 
C= sspe 6 + Za tg eh 4+ 2h 


The energy stored in the structure will be a 
minimum, i.e. : 
dU 


0 
dQ 


2 4 
| Bay} K | K2| L 


| bay in the structure. 
Summing these and substituting in er 


| (7) and (8) the values of P and Q are d 


On multiplying the various values of K, K,, &c., 
by P and Q, the actual forces in the wires are 


| obtained, and the problem is solved. 


The best results are obtained by a system of 
tabulation as indicated below :— 





6 1 16 | 21 | 22 | 23 








5 
A 


ox - «x x,| X |X| 0" 


| 
| 
| 
| 
| 
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i ile i 
By (eth i 
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In the suggested scheme the columns 7-10, 
12-15 and 17-20 co d to columns 2-5, and 
would, of course, be in. P and Q must be 
found first, and then column 22 is calculated from 
the known values of P and Q and the values of 
X, X,, &e, found in columns 6, 11, &. 6 is finally 
found from equation (11). 

The total angle of twist is found by summing 
column 23 at the conclusion of the calculations. 
It is not necessary to estimate the value of 6 for 
all the bays, simply finding © for the whole fuselage 





-. Difierentiating U and equating to zero we 
ak. 


=e BQ — pnb ian 
7 (2X+2 Xi) + — (22 + Zu) = 9 


pind ein : 
| 


Q= wb(Lax+ 22) 


a2 (> X + J Xj) + HR (Lx + Tx) “) 





Similarly : 

| P= co d (z x + z Xi) 

a@ (5X + SM) + Klee + 3m) 
In the case where the fuselage is symmetrical 

about a central longitudinal axis on each face : 


k.=h,a = @,! = h, 
K = K,,A= A,L=1, 
j 2 = a, and X = X; 


and equations (7) and (8) reduce to : 
wb (> 2) 


(8) 





i ell 
g asx +RSx ?) 
p= —_#¢=x (0) 

RIX +Rse 


Let 6 be the angle turned through by one bay of 
the fuselage relative to the next and let U’ be the 
energy stored in the wires of this bay. 

Then : 

Ur Fw t mt x + X 





by using equations (12) and (6). It is, however, an 


| advantage to know the angle of twist for each 
| panel, as any torsional weakness may be located 


by this means and corrected. 





ECONOMIC SIZE OF CONCRETE SHIPS. 
By E. O. Wmrams, B.Sc., A.M.I.C.E., A.LN.A, 
It is often stated that the disadvantage of weig 


of concrete ships Peers: pos with steel tela 
diminishes with inc size of vessels, and it is 
possible that the construction of vessels of very 
large deadweight capacity might be favoured on that 
assumption. It was with a view to this 
statement that this study of the economic size of 
concrete ships was undertaken, and to suggest, if 
necessary, a limit to size. 

It is obvious that for very small concrete vessels 
the thickness and sizes of concrete members are 
determined by practical considerations, and are 

ter than are required to withstand stresses. 

y speaking it is not practical to construct 
concrete walls less than 2 in, to 24 in, 

Sbidk, endl no matgnr everiae Taal: the slabs and 
beams should not be less than this dimension. The 





same consideration affects the design of small steel 
ships, but not to the same extent, and therefore 
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small concrete ships of about 250 tons deadweight 
compare more unfavourably in weight with steel 
ships than if of a deadweight of about 1,000 tons. 

Does the improvement in weight of concrete 
ships continue with still further increase in size? 
If not, at what deadweight capacity does the 
improvement cease. The saving of steel in a 
concrete vessel is greater for small than for larger 
vessels, for as steel ships increase in size the steel 
is used more economically. It can be shown from 
the theory of the design of concrete ships that the 
total tonnage of steel reinforcement varies as 4/D¢4 
where D is the load displacement. In the deter- 
mination of this formula it is assumed that the steel 
stresses remain constant for all sizes of ships, and 
up to the size of ships. considered, this would hold 
good. It is thus clear that the tonnage of steel 
reinforcement increases at a greater rate than the 
load displacement. 


(a) Comparison between Deadweight and Displacement of 
Concrete Ships. 











Vessel | Vessel | Vessel | Vessel | Vessel 

= lo. 20. 30. 40. 50, 
tons. | tons. | tons. | tons. | tons. 
1, Load displacement | 1,630 | 2,500 | 4,150 | 10,000 | 15,000 
2. Reinforcing steel. . 85 150 290 900 | 1,550 
%. Concrete .. e 400 570 960 | 2,500 | 4,200 


90 135 200 350 450 
. . 155 200 425 650 
6. Lightweight oe 705 | 1,010 | 1,650 | 4,175 | 6,850 


925 | 1,490 | 2,500 | 6,825 | 8,150 


horse-power --| 1,020 | 1,600 | 2,780 | 7,060 | 10,720 




















(b) Steel Ships of Same Deadweight Capacities, as the 
above stated Concrete Ships. 





Vessel | Vessel | Vessel | Vessel | Vessel 
_ Is. 28. 3s. 4s. 5s. 





tons. | tons. | tons. | tons. | tons. 
- Load dis mt | 1,495 | 2,350 | 3,780 | 8,875 | 11,490 








1 
2. Steel in hull 1,860 | 2,475 
3. Fittings and out 

at .. ee oe 80 135 190 $25 380 
4, Machinery ee 105 140 190 365 485 
5. Lightweight oe 570 860 | 1,280} 2,550 | 3,340 
6. Deadweight os 925 | 1,490 | 2,600 | 5,825] 8,150 





of Same Deadweight Capacity. 
1, Deadweight capa- 
mo 


2, LHP. of concrete 
ae divided by 
L.H.P. steel ship . 

3. Tons of stecl rein- 
forcement divided 
by tons of steel in 


925 1,480 2,500 | 5,825 | 8,150 


1-06 1-04 1-065) 1-125) 1-190 


hull .. 0-22 0-26 0-32 0-48 0-62 
4. Displacement of 
concrete Pp 
by > 
placement of steel 
Pp ee ee 1-09 1-07 1-09 1-19 1-30 


assumed equa; .. 480 635 900 | 1,600 | 2,100 
6. LH.P. steel ship. . 450 610 845 | 1,330 | 1,770 
7. LHLP. per ton 

>: orcas 

is 0-52] 0-48] 0-36! 0-28] 0-26 
8. LH.P. per ton 
deadweight of steel 

ee 0-49; 0-41 0-34 0-23 0-21 




















In determining the necessary amount of concrete 
required to embed the steel bars, there must be a 
maximum limit to the ratio of steel to concrete. It 
is assumed in the following that the maximum 
limit is fixed only by the practical impossibility 
of pouring in the concrete satisfactorily if more than 
a certain maximum percentage of steel to concrete 
be employed in any part of a wall or slab and also 
that when that tage is reached the concrete 
is of such a high quality as to transmit stresses 
satisfactorily on to the reinforcement. It is clear, 
therefore, t when the maximum ical per- 
centage of steel reinforcement is reached the ratio 
of concrete to steel will become approximately 
cuaateny er On teer Seipe, tad than She weight of 
concrete increase as or at a greater 
rate than the di : wheal 

Table (a) has been calculated on the above 
assumptions except vessels 1c, 30 and 40, which are 
actual designs, and in which the tonnage of steel 


reinforcement has been found to comply very 
nearly with 7/b*, which was i inde- 
y, from first principles. 
Table (b) gives the estimated particulars of steel 
ships of the same deadweight capacities, 
Table (c) gives the comparative ratios between 
concrete and steel ships of the same deadweight 


capacity. 

The following relationships have also been 
plotted as shown in the subjoined diagram. 

Curve lo. Variation of displacement with dead- 
weight for concrete ship. 

Curve ls. Variation of displacement with dead- 
weight for steel ship. 

Curve 2. Ratio of load displacement of concrete 
ship to displacement of steel ship. 

Curve 3. Ratio of indicated horse-power of 
concrete ship to indicated horse-power of steel ship 
of same deadweight capacity. 


Curve 4c. Variation of tons of steel reinforce- 
ment with deadweight for concrete ship. 

Curve 4s. Variation of tons of steel in steel hull. 

Curve 5. Variation in ratio 

weight of steel reinforcement 
weight of steel in steel hull 
with deadweight. 

Curve 6c. Variation of indicated horse-power per 
ton deadweight for concrete ship. 

Curve 7. Variation of cost of reinforced concrete 
hull per ton deadweight. 

The displacements of the Faith, America’s 
standard concrete ship, and ‘Concrete Ship- 
building at Barrow,”* are indicated on the curve Ic. 
The displacements of “Shipbuilding at Barrow,” 
“America’s Standard Concrete Ship,”t and the 
Faith, are all about 20 per cent. more than would be 
anticipated from this curve, and this indicates that 
the concrete hull estimates which this curve 
represents make allowance for considerable improve- 
ments in design and materials, and are not 

imiatic. 


* See ENGINEERING, vol. cv, page 335. 











t See Encrvrertna, vol. cvi, page 326. 











Examinations of curves lc and 1s indicates that 
the displacement of concrete ships above 1,500 tons 
deadweight becomes increasingly greater than that 
of steel ships. Curve 2 also shows this very clearly, 
and it would appear that at a deadweight capacity 
of about 1,500 tons the displacement of concrete 
ships makes the nearest approach to steel, being 
in fact only 7 per cent. more. 

The indicated horse-power ratio, Curve 3, 
naturally follows Curve 2, and at 1,500 tons dead- 
weight the increase in indicated horse-power is 
only 4 per cent. Curve 6c shows that the indicated 
horse-power per ton deadweight does not decrease 
so rapidly with increase of deadweight as is the case 
with steel ships shown in Cfirve 6s. After 8,000 
tons deadweight there appears to be no appreciable 
decrease in indicated horse-power per ton dead- 
weight for concrete ships. 

The saving in steel is an important economy of 


(se71) Deadweight in Thousand Tons 


concrete ships, and Curve 5 indicates that the ratio 
steel reinforcement | ‘ ; 
steel in stecl hu ‘creases rapidly with dead 


weight. The saving in steel is about 77 per 
cent. for 1,000 tons deadweight, 50 per cent. for 
6,000 tons deadweight, and probably becomes nil 
at about 12,000 tons deadweight. This alone 
indicates an economic limit to size of concrete ships. 
The cost of concrete hulls is governed largely by 
the superficial area of hull. The cost of moulds, 
and steel placing varies directly as the area of the 
hull. It is possible that the total cost of labour 
on steel in a 2,500-tonner concrete ship would not 
be much more than for a 1,000-tonner. The tonnage 
of reinforcement would be about three times as 
much, but if individual bars are three times the area 
of similarly positioned bars in the smaller boata, 
such as §-in. bars instead of 2-in. bars, the total 
cost of handling would not be much greater. In 
larger boats there is more room in which to place the 
moulds and generally the workmen are not working 
under such difficult and congested conditions. The 
cost of fairing fore and aft ends is not much more 
for a large ship than for a small ship, which is again 
an advantage in cost in favour of the larger ship. 
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The area of huli varies as 4/Dz, and thus it would 
appear that the cost of concrete ships per ton dead- 
weight decreases with increase of size of hull, with 
the exception of the cost of concrete and steel, 
which increases with the weight of material. Thus 
the cost of concrete ships can be divided into two 
parts, one varying with 4/D2, the other part directly 
with the weight of hull. 

Curve 7 illustrates the variation in cost of con- 
crete hull per ton deadweight, the figure for a 
1,000-tonner being unity, the curve combining the 
effect on cost of weight of hull and area of hull 
surface. From Curve 7 the advantage in capital 
outlay of building 4,000-tonners is apparent, the 
cost per ton deadweight being 75 per cent. of that 
of a 1,000-tonner, but after 4,000 tons deadweight, 
the cost per ton deadweight increases owing to the 
cost of materials becoming the predominating item 

The facts to be derived from these curves are :— 

1. After 1,500 tons deadweight the displacement 
of concrete hulls increases more rapidly than the 
increase of deadweight. 

2. Minimum indicated horse-power per ton dead- 
weight of concrete ship occurs at 8,000 tons dead- 
weight. 

3. Minimum cost of concrete hull occurs at 
4,000 tons deadweight. 

4. From (3) and (4) it would appear that the 
econoniic limit to concrete ships is between 5,000 
tons and 8,000 tons deadweight. 

5. At 1,500 tons deadweight the concrete ship 
is most favourably compared with a steel ship for 
displacement and indicated horse-power and at this 
deadweight the cost per ton deadweight is 90 per 
cent. that of a 1,000-tonner. 

6. The saving of steel at 1,500 tons deadweight 
is 74 per cent. The saving of steel at 8,000 tons 
deadweight is 38 per cent. 

7. Vessels above 8,000 tons deadweight are not 
economic in concrete because :— 

(a) Saving of steel becomes negligible, and at 
12,000 tons deadweight there is no saving in steel. 

(b) Cost of hull per ton deadweight rapidly 
increases. 

(c) Displacement rapidly increases and conse- 
quently indicated horse-power and net tonnage. 

8. To conclude, concrete ships are most economical 
between deadweights of 1,500 tons and 4,000 tons, 
and the best size concrete ship, considering initial 
cost of hull, indicated horse-power and saving in 
steel, is in the neighbourhood of 3,500 tons dead- 
weight. No concrete ship under 4,000 tons dead- 
weight should require more than 10 per cent. extra 
propelling power compared with a steel ship of 
the same capacity. In vessels under 1,000 tons 
deadweight the saving of steel is very considerable, 
being over 90 per cent. for 100 tons deadweight, 
and this alone will in many cases Jead to the adoption 
of concrete. If, however, the object is to increase 
tonnage at minimum cost and i ive of size 
of ship, it would be advisable to build vessels of 
about 3,500 tons deadweight. 


The above conclusions are based on a steel tensile 


stress of 7 tons per square inch. If higher tensile | 


steel were used and the ratio of concrete to steel 
remained constant it w enable the weight of 
concrete to be reduced provided the concrete could 
stand the still higher demands made upon it. If 
this were possible the weight of hull would be 
reduced and the economic limit of size increased, 
but not very considerably. 

Another possible means of reducing the dis- 
placement of concrete ships would be by the use of 
@ concrete of lower specific gravity, and this is the 
most likely and immediate improvement. 





TEMPLETS, JIGS AND FIXTURES. 
No. XX. 


By Joszernx Horner. 


THe machine vices and vice-like fixtures that 
hold articles singly or in series avoid direct bolting 
to machine tables. Instead of being made for one 
particular article of manufacture they are stocked 
to be employed for numerous types and sizes of 
work, with the object of saving the excessive 
am unt of tims otherwise occupied in setting and 
fixing pieces without their aid, with the doubtful 








assistance of loose and miscellaneous helps picked 
up at random. They form large, important, and 
constantly-growing groups. They are often home- 
made articles, but several firms undertake their 
manufacture and supply improved and better-fitted 
appliances than those made generally in the shops. 

Again, a large volume of small work is done in 
vice fixtures which are appliances of a simple 
character that are inserted and gripped in the 
vice jaws in the forms of clams or false jaws of a 
special and temporary character. The vice is then 
a standard body—a base, the false jaws are its 
locating elements. Very high elaboration here is 
not to be looked for, but for holding many articles 
of simple outlines the vice, with its special attach- 
ments, occupies an economical field, and it is 
utilised increasingly. A very large proportion of 
ordinary tooling is done on work held thus in 
drilling, planing, shaping and milling machines. 
Pieces are gripped singly or in series. Parallel and 
tapered pieces are thus held, cylindrical forms are 
laid horizontally or disposed vertically, faces are 
tooled in horizontal, vertical, or angular relations, 
short pieces, or those of great length. The important 


Fig. 586 <--> 
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labour and delay involved in bolting pieces directly 
on the machine table is avoided. It is frequently 
to be preferred to the angle plate or the vee blocks. 
As much vice work is repetitive, the slow adjustment 
of the loose jaw by a screw working in a solid nut 
is of no consequence, since the width of opening is 
not varied materially when dealing with a run of 
standard work. Many simple fixtures are made for 
these vices—false jaws cut and shaped to receive 
and locate precisely pieces that have to -be tooled 
in large numbers, in which precise relations of parts 
have to be preserved, articles that cannot be held 
between parallel jaws with plane faces, pieces that 
must be tooled all alike without entailing the latour 
of making tedious tentative adjustments, and fer 
which a suitable and sufficient form of grip must be 
provided to resist the pressure of cutting. 

One of the most useful provisions embodied in 
some machine vices is that of a downward pressure 
exercised by the jaws when they grip the work. 
In the ordinary rigid-faced jaws there is no certainty 
that the work held in them will bed perfectly on 
the vice base, or on an inserted packing. The 
turning of the screw may cause the work to lift 
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Fies. 586 To 588. Vice; Messrs. Cuarites Tayior (Bremincuam), Limtrzep, Braminenam. 


matters that have to be observed are rapidity of 
location, a suitable and sufficient grip, and a high 
degree of precision. Some of these concern the 
kind of vice used, others the character of false jaws 
fitted. Improved forms of vices have been favour- 
able to their employment for this service. The 
older designs are too inelastic, too limited in 
utilities, too slow for a good many of the require- 
ments of fixture work. 

Rapidity of movement of vice jaws is as desirable 
as it*is in the regular fixtures. Moments are 
precious since, as we have seen, the time of setting 
up must needs occupy but a small, and generally a 
lessening proportion to that occupied in the actual 
tooling. Hence the reason of the numerous devices 
which have for their objects the avoidance of 
tedious removals and replacements of elements, 
such parts as bolts, screws, washers, clamp plates, 
lever handles, slotted washers, hinged fittings, rapid 
cam movements, quick insertion and removal of 
bushes, and so on. Naturally, therefore, those 
machine vices which include provisions for quick 
action are those which are regarded with high 
favour for fixture work. They do not wholly 
displace the others, since there is room for both. 
The ordinary machine vice which has no quick 
action and has its jaws set rigidly square, and can 
only hold parallel pieces, is suitable enough for 
a very large run of work. It is used for small 
articles without number that have parallel faces. 
It is attached to the tables of small planing machines, 
but more frequently on those of the shaper, the 
milling, and the drilling machines. By its use the 





slightly, hence the reason why light tapping down of 
the work is usually necessary to ensure good bedding. 
The provision for bedding-down the piece gripped 
as embodied in the Taylor vice is shown b 

586 to 588. This is by Charles Taylor (Birming- 
ham), Limited, Birmingham. The jaw plates A, A, 
are not screwed so rigidly to their backings that 
they are not free to move, and they are not attached 
to vertical faces. The meeting faces are undercut, 


ment screws pass are deeper the screws. The 
result is that when the grip comes on the work the 
jaw plates slide downwards bes slightly, taking 
the work with them, until it closely. Coiled 
springs encircling the screws, and a leaf ina 
recess underneath each plate, throw the jaws up 
again on the release of the grip. 

For the gripping of the loose jaw a distinct push 
or abutment jaw B is provided in the rear of the 
actual work-holding jaw. The abutment jaw hae 
teeth on its base, which, being dropped into one of 
the series of serrations cut across the top face of 
the vice body, anchor it. The serrations form 
strong abutments, which receive the reaction thrust 
of the push jaw. The pressure of the abutment 
screw is taken on a hardened steel plug let into the 
back of the gripping jaw. To release the push jaw, 
the screw being the jaw is tilted forward, 
so lifting it out of the serrations, when it and the 
working jaw can be moved where needed. 

Quick-action vices of this clases differ from the 
instantaneous grip vices of the bench, in the abeer.ce 
of the long, continuous screw, which, when thrown 
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out of mesh with its nut by means of an eccentric 
motion, permits the rapid movement of the loose 
jaw to a new position, after which the nut is thrown 
into mesh again. The abandonment of the horizontal 
screw leaves a clear opening through the base of 
the vice, into which work may be passed down, or 
drills or reamers clear. This is a distinct advantage, 
in addition to that afforded by the rapid movement 
of the jaw. ' It will, in some cases, avoid the employ- 
ment of deep, false jaws to hold work having 
projecting bosses or stems, or that in which drills 
and chips must clear through the bottom face. 
There is another and an equal benefit embodied 





in these vice designs. The jaws can swivel to take 
tapered pieces as well as those which are parallel, 
which ~very materially enlarges their range of 
usefulness. Tapered objects comprise a large 
proportion of those which have to be tooled, such 
as levers, gibs, and cottars, keys and wedge take- 
ups. Packings are commonly used for these in 
vices with parallel jaws, but time is saved when a 
jaw will swivel and accommodate itself to any 
taper. Swivel is effected in a good many ways. 
In Fig. 587 a cylindrical stem on the loose jaw fits 
within the slot in the base. Sometimes loose jaws 
are pivoted against a rigid jaw, either with a pin 
or with a concave seating. 

A high degree of precision is not a characteristic 
of these vices, efficient though their gripping power 
is, and adequate the ranges of their capacities. 
Within their sphere of action they afford an immense | 
economical advance on the alternative of fastening 
articles directly to the machine tables, but except | 
for the plain kinds of tooling just mentioned they 
are not fixtures of precision, nor do they include | 
means of location for repetitive work. Means of | 
precise setting of one kind are embodied in those | 
vice which are provided with swivel bases graduated 
into degrees, and those which have elevating bodies 
with means of setting to vertical angles. A 
universal vice, that is, one which includes both 
provisions, is shown by Figs. 589 to 592, as made 
by Messrs. A. A. Jones and Shipman, Limited, 
of Leicester, and designed specially for use on the 
Universal grinding machines built by the firm. 
It is a valuable adjunct, since it will hold pieces 
of almost any shapes at any angles in the horizontal 
and in the vertical directions. It has a base of its 
own, bolted to the table of the machine similarly 
to the standard base ‘or the heads, but it differs 
from this in being provided with two lugs, through 
which the vice is pivoted for setting to vertical 
angles. These settings are measured by an index 
pointer on the side graduated dial, which is seen 
in Figs. 589 to 591. <A through-bolt clamps the 
circular vice base. When in the horizontal position 
the vice base rests on an abutment at the bottom. 
The body swivels round a horizontal plane on the 
base to any angle, and is clamped with two tee-head 
bolts. Graduations are also provided for these 
settings. One jaw of the vice, that on the right, 
is’ solid with the body. The other is adjustable 
with the cranked lever and screw. The screw nut 
is prolonged into a pivot above, on which the jaw 
swivels, so that tapered articles, or those having 
uneven contours can be gripped. The jaw can also 
be turned right round to bring its hinder vee’d face 
into opposition with the fixed jaw to hold circular 
pieces. To adjust the jaw the key wrench. Fig. 592, 
is employed. The jaws are steel-faced. 

The provision by which jaws can be turned right 
round to present two faces to the solid fixed jaw 
enlarges greatly the utility of a vice. Frequently 
it is extended by the use of two independent jaws 
bolted directly to a machine table instead of to a 
vice base, the advantage gained being that of 
securing articles which are too long to be gripped 
between the jaws of any single vice, the only limit 
then being that of the length which a machine table 
will accommodate. These are frequently combined 
with special jaws, solid, or false, those of vee’d 
shapes being prominent, and those of numerous 
other forms to grip articles of particular outlines. 

The influence of jig and fixture practice extends 
into fields that lie beyond that occupied by the 
appliances which are extraneous to, and independent 
of, the machine tool. Beyond the fact that these 








are bolted to, or laid on a machine table, they bear 
ng special relation to the tool on which they are 





used. But outside this group, very many fixtures 
and jigs are designed with special regard and 
suitability to the machine on which they are to be 
regularly employed, and on no others; to be used 
on some particular product that may be required 
for an indefinite period. Examples of this kind 
have become familiar in the vast work of munitions, 
but they are also apparent in other fields outside 
that. In some instances, these attachments are 
fitted to render the machines of a universal or a 


Fig.589. 
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universal work head. The upright portion receives 
the circular face, which is moved vertically with 
the knurled head above, and its screw, from a 
minimum of 5} in. to a maximum of 64 in., height 
of centres from the table of the machine. It is 
clamped when set for height by the knurled nut 
at the rear. The circular plate, the edge of which 
is graduated, receives the work-holding portion 
to be turned to any angle, and clamped with the 
tee-head bolts in an annular slot. The lower 
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combination character, but in others they are 
designed to perform one operation or class of 
operations. These occur in all the great groups of 
machine tools, lathes, drilling machines, grinders 
planers, milling machines, no single group having 
a@ monopoly of them. The machine vice just illus- 
trated is an example of this kind. Succeeding 
illustrations are those of attachments, which also 
supplement and enhance the utilities of a single 
machine tool—the 24-in. by 12-in. Universal 
grinding machine, by Messrs. A. A. Jones and 
Shipman, Limited. 

A universal vee-clamping fixture, Figs. 593 and 
594, is used to hold all kinds of cutters and arbours 
to be ground. The base is similar to that for the 





vee’d jaw is solid with its body, the upper jaw 
pivots on a pin going through its upper portion, 
so that it will accommodate itself to any shape, 
tapered or irregular. It is adjustable vertically 
by the knurled head and screw to receive work 
ranging from 1} in. to 2} in. across. Articles are 
gripped between three points, two in the vee and 
one in the loose jaw. An end stop sliding on 4 
bar is provided to locate the work, whether cutter 
shank or arbour, in relation to the grinding wheel. 
The double series of graduations—those around the 
base, and those around the edge of the vertical 
circular face—permit of setting work to any com- 
pound angles desired. ye 

Figs. 595 and 596 illustrate a gear-cutter grinding 
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attachment. Like the other fixtures, it is secured 
to the table with two bolts set at an angle of 45 deg. 
to suit the tee-slot in the table, these bolts pulling 
it against the square guiding edge. The base is 
standard, in order to receive the universal work- 
head of the machine and other substituted fixtures. 
It is graduated for setting to any angle, and is 


Fig. 595. 
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a draw-in chuck, pulled in with a bolt and hand| 


wheel. The spindle is hollow, and is bored to a 
No. 3 Morse taper to accommodate taper shank 
cutters, arbours, &c. ; and is also used for operating 
draw-in collets to expand into the bores of plain 
cutters. It receives four collets to take bores of 
§ in., 1 in., 1,4 in. and 1} in. respectively. The 
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clamped with two bolts. The upright portion of 
the body in one with the base has guiding ways, 
over which the circular fac2 is adjusted vertically, 
to the extent of 1} in., by turning the knurled head 
screw. The maximum height of centre is 5% in. 
[t is locked with the knurled head at the rear. The 
edge of the circular face is graduated to permit of 
setting the work-holder to any angle, when it is 
clamped with the two tee-head bolts moving in an 
annular groove. The boss of the holder receives 





pitching is effected through a division plate provided 
with four circles of holes, the peg for which is moved 
in or out with the spring plunger and latch. The|o 
plate is turned with a knurled head, which revolves 
a worm and its gear. The four circles of holes 
number 16, 14, 12 and 10 respectively. Plates with 
different numbers of divisions can be supplied. The 
peg is brought to either circle by moving it with its 
holder round the bolt on which the holder pivots. 
A cup or saucer-shaped wheel is brought over the 
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centre line of the attachment. The feed is operated 
radially through a fine-pitch worm and worm wheel, 
ensuring the cutting edges being maintained in 
correct relation to the centre. 

An attachment to a drilling machine for tooling 
the noses of high-explosive shells subsequent to 
bottling, is shown by Figs. 597 and 598. It is 
carried beneath the steady guide bracket, taking the 
place of the machine table. The body of the holder 
is gibbed to the vertical face of the machine frame 
to receive the shell case, the lower portion of which 
goes down into a pit. The shell is clamped quickly 
with a hinged cap, and secured rapidly with a swing 
bolt. The successive operations are drilling, facing, 
boring and tapping, particulars of which are stated 
on the illustration. 











THE EMPLOYMENT MANAGER. 
Amone other results of the war period, the re 
assessment of human valuation in industrial pursuits 
is outstanding. Those who attempt to follow the 
complexities of this transvaluation are struck by 
the very great difference in the perspective afforded 
by the new point of view. Various as have been 
the causes of past conditions; anxious as is the 
present period; the economic use of available 
human material is in the best interest of all con- 
cerned. Due to the withdrawal of the usual excess 
and normal supply of workers, methods have been 
set in operation whereby in place of diminished 
output on a falling scale of man-power, produc- 
tion has actually increased. The newer methods 
are one legacy from a time of stress and crisis 
impossible to minimise, and since the result has 
been to increase total wealth productive power, 
civilisation is hardly likely to suffer relapse into 
former ways. 

Moreover, and this is most important, such 
achievement has been effected by economy in human 
material, not by human sacrifice; it has been 
gained by patient study and investigation, has 
been won by real endeavour, and as yet is only at 
an elementary stage. It is little understood that a 
second industrial revolution comparable with the 
application of power to toil, which was the first, 
is actually at this moment in process of being. 

Hitherto, because of a t superfluity, civilisa- 
tion has been i in its wastage of man- 
power; now, man-power must be conserved and 
used economically like any other gift of Nature. 
While demobilisation, sudden and general, might 
conceivably lead to a crisis due to difficulty in re- 
absorption ; wisdom as to priority, quantity and 
proportion is becoming evident. 

The matter of the human force in relation to 
industry has received more first-hand consideration 
in the United States of America than anywhere else, 
several things served to give an impetus there ; 
higher wages and standards of life had a 
as well as the larger scale upon which industry was 
framed. 

Itis many years ago now that the rather immature 
science of psychology applied some of its conclusions 
to practical problems with an interesting measure 
of success. The problems connected with employ- 
ment, correct selection of men and the 
of fatigue, have received unwonted attention here 
latterly ; the question of war production without 
stint having created problems on a large seale. 

A very interesting and able article on “The 
Employment Manager,” from the pen of an American 
authority—Mr. Meyer Bloomfield—appeared on 
January 16, last, in the London Daily News. He 
there reviews a new profession which demands 
trained brains, a special viewpoint, and a broad 


outlook. Em t; that is the hiring of staff 
and labour force, the fitting of square men in square 


-| holes, should be the function of specially trained 


men, is his argument. An extract is illuminating : — 
“Employment is, at bottom, a venture in co- 
operation. Irres ponsible hiring and discharge in 
the hands of many little executives is a costly and 
wasteful thing, viewed from the standpoint of good 
management ; and from the side of the men, it goes 
contrary to their instinct as to how human beings 
should be dealt with in the human relation. .“ The 
traditional way in building up a working force or 
filling job vacancies is to make .a vague and 
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wholesale demand for labour and then pick at 
random from the crowds at the gate. All sorts of 
little bosses are in their own domain, with 
unchecked authority over that most vital interest 
in a workers life—his livelihood. Taken at its lowest, 
this is bad business demonstrated by the wasteful 
coming and going of men in and out of the jobs.” 

The ethds ty unused) sMbeedh the Ametioes 
conditions and problems differ rather widely from 
those here, where attention has been devoted to the 
question on rather different lines. Another passag> 
worth reproduction runs :—“ There can be no doubt 
that an enlightened system of recruiting labour, 
careful and fair selection of workers, systematic pro- 
vision for their advancement, encouragement in thei 
progress, and protection against abuse of authority, 
is a distinct contribution to sound relations.” 

The writer advocates another spscialist profes- 
sion, set a for employment t; but 
he fails to point out where recruits for the particular 
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BARNARD'S SELF-DISCHARGING GRAB. 
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activity can best be obtained. A graduate of a 
college course academically trained may know a 
deal of industrial history, and even be an intellectual 
and widely-read man, yet for all that, it is the 
graduate of industry itself—obviously it is im- 
possible to say precisely, what graduate of industry 
—who is the most likely to prove the raw material 
desired. Certainly there can be no doubt that our 
industrial ranks include numerous men who, after 
due training, would prove to be naturally fitted for 
such a post as that suggested. 

Actually, employment management is less a new 
profession than a new idea, without doubt of very 
great value; but one which need not involve the 
special creation of a brand new expert to fill a 
totally new function. However, the article we have 
qvoted is worth digestion by every executive mind 
responsible for production, although sp>cific atten- 
tion with corresponding results is being more 
generally given to such problems in Great Britain. 
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BARNARD’S SELF-DISCHARGING GRAB. 


Iv our issue of April 17, 1914 (vol. xcvii page 524). 
we published a description of the Barnard pa t« nt se If- 

i ing grab as manufactured by Messrs. William 
Goodacre and Sons, Limited, of Russell-road, Custom 
House, London. The company have, since our 
previous description a peared, introduced a number 
of improvements in this grab, and in view of the 
importance of handling materials expeditiously and 
economically, especially at the present time when 
labour is short and any savings such as ship hours at 
the quay side must be taken advantage of, we think 
it well to describe these modifications. 

The latest form of Barnard grab is shown in Figs 
1 to 7, on the present and opposite pages, and on 
comparing these views with the previous illustrations 
it will be seen that the operating mechanism for 
opening and closing the grab has been modified, 
resulting in a much more simple design combined with 
a reduction in the number of working ponte. The 
grab, which works on the block and tackle principle, 
and is of the self-acting type, is operated in the following 
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manner: The grab in the open ition, Fig. 1, is|shown in Figs. 1 and 2, comes into contact with 
ial oaded, | one of the top bars and is pressed down free of the 
the lowering of the sheave block a is continued after| spigot on the clutch 6. To re-open the grab it is 
the grab rests on the material until the spigot on one | necessary to rest it on a stage, or on the material being 


lowered by the crane on to the material to be 
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of the clutches 6 comes _ con- 
tact with the spring-opera pte 
c. The weight of the sheave block 
overcomes the tension of the 
spring which draws the clutches 
6 under the pins d. When the 
block has dropped into its lowest 
position, Fig. 2, it is ready to be 
closed ; to effect this the crane is 
reversed and the lifting mae 
hauled in; this closes the grab, 
but just prior to the grab bein 

completely closed the spring rod f, 


Figs. 6 


standard on account of (a) 





handled, slacken the hoisting 
clutches will then be swung out of peren and clear 
of the pins d by the counterweigh 
and 7; on reversing the crane and lifting the 
pont will re-open ; the speed 
by means of the oil dash pot e, Fig. 1. 

The grab is suitable for use on a crane fitted with 

either a rope or chain, the former is fast 








rope a few inches, the 
shown at h on 


of o being regu- 


the 
the weight when com: 


pared 
with a chain for a given load, and (6) safety due to the 


ge where the same t 

the company are prepat 
be aoeelody ted up 
chain. 





The self-acting grab is 


warning of failure given by a broken wire 
but should the grab be required for wor! 


the rope ; 
on & 
lla ap atone use, 
to supply grabs w may 
for use with either rope or 


being extensively used for 
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discharging coal from ships into barges or railway 
tracks; on this service it has proved to be a safe one, 
due to the fact that it is reeved up when resting on the 
material instead of on the ring, and there is no button 
to slip should the grab come into contact with the 
combi or beam of the ship. An important point 
is that the grab is light for a given capacity ; it is stated 
that a Barnard self-acting grab having a capacity of 
1 ton of coal weighs about 1 ton, thus making it 
possible for a grab to be installed on an old type of 
crane where the of power is small, and if a 
wire rope is not already fitted on to the crane the 
deadweight may be further reduced by discarding the 
chain. 

The grabs are of robust design, and constructed of 
wrought and cast steel; we recently inspected some 
of the latest type at work, and found that they were 
standing up to the rough usage well, and from the 
figures given us for the cost of maintenance it is clear 
that this item can be kept at a reasonable figure. 

At the inspection just referred to we stood-by for 
some time whilst coal was being discharged from a 
steamer into barges ; there were three cranes at work, 
all fitted with the 15-cwt. size of self-acting grab; the 
ship had reasonable fore and mid-ship holds, but 
even so the grabs were working well on considerable 
slopes, cl g up the bottom and, to some extent, 
——— under the coamings. The coal was weighed 
in t on the cranes by means of a steelyard 
weighing meter, and it was found that the grab was 
taking generally an overload at each cycle. The 
weight of coal in the 15-cwt. grab varied from 16 cwt. 
to 18 owt. with a grab having a 4 to 1 power. The 
rate of unloading was from 70 tons to 80 tons per 
hour for each grab. The Conditions at the jetty were 
not good, and therefore the speed of ore less 
ay it — my d cy ; this was in to the 

state of the shoots making it necessary to 
swing the barges. With favourable conditions the rate 
of unloading should be from 80 tons to 90 tons per 
crane-hour. «(B® ow - 

The annexed interesting res of unloading coal 
from ships to barges at a coal jetty in the London area 
have been given to us by the company ; they represent 
pete Mpsi en Beeline cyan Roem Pewe Beem 
siderably, and include the time required for trimming 
and 8 the barges. 

Four cranes, with fixed jibs, were available, fitted 
with Barnard’s 15-owt. self-acting grabs. 

Due to the fact that the grab on this system of 
working rests when discharging on the bed of material 
or on a stage built upon the shoot, the of coal 
is considerably uced and, further, the loss and 
nuisance due to the dust is owes! lessened. 

The » Figs. 8, 9 and 10, show the mecha- 
nism fitted in orderthat the coal may be dumped auto- 
matically from a predetermined position of the grab 





and is in addition to the method already described, 
of resting the grab on the material or on a stage. 

The mechanism illustrated clearly indicates the 
additional levers required when the grab is worked in 
conjunction with a Telpher having two drums fitted on 
the transporter for the wire ropes, the ropes are spaced 
some distance apart, which prevents the grab from 
spinning; one rope is reeved right-handedly and one 
left-handedly, and either rope holds the grab closed 
regardless of its swing when travelling round, for 
instance, a bend in the track. 











Coal 
Tons Time Cranes | Discharged 
Date. Ship. F aa to at from Hold 
old. | Discharge.| Work. per Hour. 
hrs. min. tons. 
Mar., 1918 A 491 7 40 | { 64-2 
ai | 8 05 |p * || Ses 
5 59-5 
383 8 05 J 47-4 
June, 1918; B 548 8 05 \ 67-8 
582 8 30 3 68-4 
553 8 10 |f 67:8 
Aug., 1918 Cc 390 5 35 } ° { 69-8 
414 5 39 - 73-2 
Aug., 1918 | D 400 6 50 } 9 { 58-5 
454 6 30 + 69-8 
Aug., 1918 E 280 5 30 51-0 
402 6 15 4 64-3 
372 6 50 54-4 
252 6 00 42-0 

















The mechanism in Fig. 8 is shown in the closed 
position of the grab, and the parts lettered a, b, ¢, 
d, e and f are identical with the parts so lettered in 
Figs. 1 to 7, with this exception, that clutch 6 has a 
vertical arm of suitable length to be operated by the 
lower portion of lever k when it engages with the 
claw of lever m. The lever m is free to swing and is 
fixed in a ete ee Dp nme to the Telpher . 

The grab, suspended by the ropes from the Telpher 
and ha been closed as previously described, is, 
prior to g automatically opened to dump the coal 
or other material from a height, lifted to a point below 
lever m; the transporter is then trave' to the site 
and the material released from the grab by raising it 
until lever m is pushed to one side by the bridging- 

iéce I, fixed to and connecting levers k. When the 

ridging-piece is above the claw of lever m, the motion 
is reversed, and the grab slowly lowered, when claw 
of lever m arrests the downward movement of lever k, 
which, being at an angle and Fee eventually 
takes up the ition shown in . 9, having in the 
short Snerval forced the clutches 6 over, and thus 
released pins d. The weight of the grab and its load 
is not entirely taken off the ropes, and therefore there 





is no jerk. The lever & falls into the position shows 
in Fig. 8 by gravity, and is thus reset automatically. 

In Fig. 11 is shown the mechanism required for 
operating the b by means of a ring suspended 
independently of the lifting rope from the jib of a crane ; 
the grab is closed in the same way as in the previous 
examples, but the opening is accomplished by con- 
tinuing to raise the grab until the lever n in the position 
shown by full lines passes through the ring o, the crane 
is then reversed, and on lowering the grab, the upper 
end or claw of lever n will engage with the ring 0, which 
momentarily takes a portion of the weight, this forces 
the lever » into the dotted position, in its travel it 
pushes the arm of clutch levers 6 over, and so releases 
them from pins d. The lever n is reset by gravity. 
A ring has to be fitted in this case, as it is not possible, 
due to the fact that the grab is suspended from a single 
rope, to prevent spinning of the load. 





THE MANUFACTURE AND DESIGN OF 
TOOTHED GEARING.* 


By Joszerpx CHILTON. 


ToorHep gearing is extensively used in modern 
systems of power transmission. A single paper can deal 
with a very limited part of the whole subject. ‘The 
object of toothed gearing considered in this paper 
is the transmission of motion between shafts whose axes 
are either parallel or at right angles to each other. Two 
shafts connected by gearing may have any designed 
velocity ratio ; perfect gearing keeps this ratio constant. 
Touthed ing transmits motion and power by sliding 
contact, the teeth are the media. This applies to spur, 
helical, bevel and worm ing alike. with 
unmachined cast teeth are not considered in this paper. 


MANUFACTURE. 


True running wheels with accurately and 
shaped teeth are necersary if constant velocity ratio is 
desired. It is not posed to go into the question of 
finale and teabeg: tlanits 60 o2 to produce true running 
wheels, as this is a comparatively simple question ; 
but it is essential that the Pg om turning and boring 
should be within very limits if good wheels are 
required. Machines for cutting wheel i 
originally designed and used by clockmakers. Their use 
has been gradually extended; at the present time 
machines are made for cutting teeth in steel wheels 
30.ft. diameter. The accuracy of some of these large 
machines is such that in cutting a wheel of 10 ft. diameter 
the maximum error between two adjacent teeth is 
0-0015 in. Pe 

Modern conditions call for a tooth shape which is 
capable of mechanical gencration. ‘The involute curve 
satisfies this condition, and also possesses other desirable 
qualities. The involute is now used for wheels of all 
sizes. In 1874, Messrs. Brown and Sharpe developed 


teeth were 





* Paper read at the North-East 
of Engineers and Shipbuilders, 
February 11, 1919. 


Coast Institution 
Newcastle-on-Tyne, 
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inaccuracy of final form, but modern manufacturers 
make the necess allowances for hardening distortion, 
and by grinding aiter hardening, produce a hob, as this 
cutter is called, of great accuracy. 

The hobbing process may be used for cutting plain 
spur wheels, single and double helical, and worms and 
worm wheels. ‘The hob is geared positively in the 
desired ratio with the wheel which it cuts. In the case 
of a spur wheel the axis of the hob is inclined to the plane 
of the blank, an amount equal to the hob-thread angle. 
The hob is then set to cut the required depth and fed 
parallel to the axis of the blank, which is revolving at 
such @ speed that if the hob is a single thread worm it 

as many revolutions for each revolution of the 
blank as there are teeth to he cut. The propesr is 





continuous, not intermittent like the milling process. 
The result is tceth of the correet profile and accurately 
spaced, providing the necessary preliminary setting of 
hob and blank has been accurately . 

In cutting spur wheels the normal pitch of the hob 
must be equal to the ciréular pitch of the wheel, while 
in the case of worm wheels the axial pitch is equal to the 
circular pitch of the wheel, The hob is a substantial 
tool compared with the <lis¢e end milling cutters; and 
the rigidly-designed hobbj ine is capable of fast 


uction. Practical of hob nu- 
acture limit the pitch that pone cut by a hob to about 
3 in. When a standard double heli gear is manu-. 


factured with a fixed helical angle of tooth, as in the 


order to produce extremely accurate wheels at reasonable 
cost. Two hobs, of right and left-hand thread respec- 
tively, are used, of such dimensions that the thread 
angle of the hobs is the complement of the corresponding 
angle of the gear teeth. This simplifics the construction 
of the hobbing machine and enables a powerful drive 
to be applied to the hob spindle and as the hob axis is 
always at right angles to the axis of the wheel blank 
the axial pitch of the hob is the samo as the cir ular 
pitch of the wheel which it cuts. The hobs are placed 
diametrically opposite each other, one feeding up and 
the other down, the cuts meeting in the centre of the 
wheel. To save wheel width and to secure other 
advantages the whecl teeth in this system are usually 
“* staggered,”’ that is, a space on one side comes opposite 
a tooth on the other side of the wheel. 

The Universal hobbing machine may be used to cut 
worms and worm wheels, but when large quantities of 
these are required milling by dis¢ cutters is usually 
resorted to in the case of the worms, and cutting by 
means of tapered hobs in the case of the wheels. ‘Che 
dise eaing cutters for cutting multiple-thread worms 
whose axial section is an involute ra k, that is, a straight- 
sided thread, must have a rounded profile which varies 
with the angle of the worm thr: ad and the pressure angle 
of the tooth form used. Fig. 6, page £01, shows a large 
machine capable of cutting wheels 10 {t. diameter, with 
a small machine for hohbing wheels 4 in. diameter. 

Fig. 7 shows a worm-grinding and hob-sharpening 
machine, and Fig. 8 a worm-milling machine. 

In the Lanchester worm-gearing system one machine 
is used which, in addition to generating its own hote, 
cuts both worms and wheels. is ing is a variation 
of the Hindley worm gearing. is used mainly in 
automobile work. This machine, in spite of its multiple 
functions, is of simple construction. The action of the 
machine is the same whether used for generating its own 
tools or cutting either worm or wheel. The positions of 
work and tool are reversible, a worm hob cuts the wheel, 
a wheel hob cute the worm, the spindics carrying each 
being geared together in the correct ratio. 
systems of orneeetns tooth shapes are of two 


types. uses a rack and the other a pinion as a 
cutter. The Sunderland system is of the rack cuttcr 
type. One cutter is used for each pitch. This is a short 


length of rack made of high-speed steel carefully ground, 
cpr tegen pt in @ mac which gives final accuracy 
to 


nm cutting plain spur wheels the cutter is given 
a me roger motion across the face of the blank 
parallel to ite axis. The cutter is fed gradually towards 
the blank until it reaches @ position which gives the 
required depth of tooth space. Simultaneously 
between the strokes of the cutter the blank is given « 
rotary motion and the cutter traversed tially, 
these “motiong being co-ordinated so that blank 
and cutter 





Wuest system. special machines and hobs are msed in 


d Vs 


move_as if the pitch line of the rack, cutter 


’ 
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tinent. The. Bilgram, an American machine, and the 
Monneret, a French machine, are examples of the first 
method. The Monneret machine is sometimes con- 
structed so as to produce a single helical bevel. 

The Robey-Smith planer is an example of the second 
method. Its two tools act on opposite sides of one 
tooth, and are guided in such a way that a very close 
approximation to a perfect involute tooth is produced. 
The work spindle is horizontal and the slide which 
carries it together with the indexing apparatus has a 
swivelling motion on an axis which is vertically below 
the converging point of the slides guiding the cutting 
tools. The tool slides have also a swivelling motion on 
their converging point as an axis. This point is really 
the apex of the pitch cones of the wheels which the 
machine cuts. The dividing arrangement operates once 
per double stroke of the tools. The tooth s are 
first roughed out with the converging tool slides fixed 
at an angle proportionate to the developed pitch le 
of the blank operated on. The work spindle is fed 
towards the tools once per revolution of the blank. 
In the finishing process the converging tool slides are 
free to swivel on their pivot points. feed motion 
of the work spindle and the variation of the angle between 
the tool slides are co-ordinated by an arrangement of 
linkwork and gearing, in such a manner that as the 
work spindle approaches the tools the space between them 
is increased in the ratio required to give the involute 
ena to the tooth and the necessary lengthwise taper. 

sing two tools this hine combi accuracy with 
rapidity of production. This machine is shown in Fig. 15. 

Wheel teeth-cutting machines are full of intricate 
detail which would take volumes to describe. The 
differential gear in hobbing machines and the creeping 
table for averaging the errors in indexing or dividi 
worm wheels are examples. The advent of turbine 
gearing has led to increased accuracy. © maximum 
error between adjacent teeth in the cutter for one of the 
planing machines described is less than 0-004 in. 
Machines are carefully designed for rigidity and adjust- 
ment for wear, but as accuracy of finished product 
depends on the proper working of the machine by the 
user, machine makers are reluctant to specify limits of 
accuracy which may be affected by causes beyond their 
control. Very careful supervision of teeth-cutting 
operations enables accurate work to be carried out on 
machines that are not fitted with refinements such as the 
creeping table; refinements are useless without this 


supervision. 
(To be continued.) 








_ Pic-Iron SuarpMents FROM MIDDLESBROUGH.—Accord- 
ing to a circular issued by Messrs. William Jacks and 
Co., the shipments. of pig-iron from Middlesbrough, 
including Skinningrove, in Jan last were 1,370 tons 
coastwise, 30,011 tons to foreign countries (the principal 
buyers being France and Italy), a total of 


making 
31,381 tons, as compared with a total of 28,513 tons for 
December, 1918. 





Tae Inpustria, REoonstRvotion ‘Councit.—The 
fourth lecture of the series by the Industrial 
truction Council will be held in the Saddlers’ 
Hall, Cheapside, E.C. 2, on Wednesday, the 19th inst. 
The chair will be taken at 4.30 7. Se Right Hon. 
Lord Leverhulme, and a lecture on “ Responsibility of 
Trade Unions in Relation to Industry ” will be delivered 
by the Right Hon. J. R. Clynes, M:P.° Applications 
for tickets should be made to thé Secretary, i 
Reconstruction Council; 2 and 4; Tudor-street, EC. 4. 
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DOUBLE-REDUCTION GEARED TURBINES 
FOR 8.8. “MERIDA.” 


On Plate XI and on this and the next pages we 
illustrate srt turbine machinery constructed by the 
Wallsend Slipway and Engineering Company, Limited, 
Wallsend-on-Tyne, and installed by them on board the 
8.8. Merida which is a vessel of the single-screw type 
having its machinery placed amidships. The Merida, 
of which a longitudinal section and a plan are repro- 
duced in Figs. 1 and 2, above, was built by Messrs. Sir 
W.G. Armstrong, Whitworth and Co., at their Walker 
shi » for Messrs. C. T. Bowring and Co., Limited, 
of Liverpool, London and Cardiff, under the supervision 
of Messrs. Jacobs and Barringer, of Gracechurch-street, 
London. 

The vessel is a well designed modern cargo steamer, 
the length overall being 435 ft., between m- 
diculars, 420 ft., breadth extreme, 55 ft. 3 in., and she 
carries about 9,100 tons on a draught of about 26 ft. 
The general arrangement is clearly shown on the 
drawings. ‘Special attention has been paid to the 
loading and discharging arrangements, and the sizes 
and disposition of hatches and cargo gear are calculated 
to reduce as far as possible the idle time in port. 
Owing to war time requirements, the — rigging 
plan had to be considerably altered, and the signa 
mast and hinged derrick poles, which have become a 
feature of war time cargo vessels, were substituted for 
the more normal arrangement which was originally 
contemplated. Accommodation is provided for the 
crew in the forecastle ; officers and engitieers in houses 
on the bridge; gunners, petty officers, carpenters, 
cooks, &c., in the poop. The accommodation generally 
is on a generous scale, and is well adapted for the 
requirements of the personnel on a modern cargo 
steamer. Water ballast is carried in the double bottom 
and . 

The propelling machinery consists of three turbines 
working in series and driving the propeller shafting 
through compound or double reduction ing, This 
turbine machinery has been designed to develop about 
2,000 shaft horse-power, under ordinary service condi- 
tions, and by the er ofthedouble gearing the revo- 
lutions of the propeller for the given power will never 
exceed those which would be adopted for a similar 
single-screw vessel fitted with reciprocating engines. 
As this two-step system of gearing makes yee 
8 of revolution respectively best suited to 
the turbines and to the propeller, an overall efficiency 
has been attained which is probably higher than that 
of any other type of propelling machinery for this class 
of vessel. This advance as regards economy has not 
been obtained by introducing complications or addi- 
tions to the machinery installation, that will call for 
any increase in the engine room personnel, or will 
produce any further tax upon the usual staff in super- 
vising the machinery, so that the fuel saving effected 
really implies a true net gain in the earning capacity 
~ x t of the hinery is clear] 

The general arrangement o mac is clearly 
shown in Figs. 3 to 6, Plate. XI. As stated abo 
there. are three turbines working in series, The high- 


uf 





pressure turbine runs in tandem with the intermediate 
turbine, and together they operate one of the first 
reduction pinions, while ue low- yep 
operates a similar pinion on the opposite side of the 
wheel, as ang the end nag Hig. ©, page 208. 
Brown-Curtis type of turbine has opted, 
having, as shown in . 7 and 8, Plate XI, wheel 
throughout, the grouping of which is such as 
to produce practically an equa) transmission of power 
through pt of the shaft pinions. For going astern 
there are two turbines working in series, and incorpora- 
ted respectively with the intermediate and low-pressure 
turbines, as shown. As there are thus two astern 
turbines which work in series, a higher efficiency is 
realised, and as each can, in an eme , be o ted 
separately, there is less risk of a total kdown as 
regards going astern, than if the astern turbines had been 
ae to drive the low-pressure shaft only. With 
a view to obtaining the highest ible economy, 
superheated steam is employed, this has necessitated 
the use of cast steel and phosphor bronze for various 
details which are in contact with the steam at its 
highest pressure and temperature. The blading 
throughout is made from phosphor bronze. The 
rotating portions of the turbines, comprising the 
wheels and the spindles, have been made entirely 
from ingot steel forgings. 

Special attention has been given to the arrangement 
of pipes and valves for the main and emergency steam 
supply to the turbines, the shut-off and maneu 
valves being supported from the e-room f 
bulkhead, being high up near the level of the 
boiler stop valves. The starting orm is fixed some 
few feet above the tank top, to the coe - 
ment of machinery, the yee na from the manetavileg 
valves being led down and having the hand wheels 
at a suitable height for operating. The revolution 
counter and pressure gauges gh eo on a stand 
adjacent to the starting position. cy governors 
of the Proell type are driven from the forward end 
of the high-pressure and low-pressure turbines. Steam 
strainers are provided on the initial steam admission 
branches to the high-pressure ahead and astern 
turbines, and also on the exhaust connections between 
vex high- and low-pressure <r , 

ly noticed, the arrangement of gearin 

is of the double reduction type, the total reduction o 
between the turbines and the propeller being 
in two steps, The pinions of the first reduction 
are driven from the turbine shafts through 
couplings, which allow for any want of align- 
the shafts or take up a pen nny due to 
ce, ag of the Loy is of the 
le type. w for both the 
second reduction trains have their central 
or bodies made of cast-iron; the rims upon 
the teeth are cut are made from forged ingot 
and are shrunk their centres and securely 
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silent running of such gearing it is necessary that the 
lubrication should be toroughly efec.ive. For this 
purpose sprayer nozzles distributed at suitable intervals 
are arranged to spray the oil direct on to the engaging 
teeth, thereby pro a film of oil between the 
surfaces in contact. he bearings for the turbine 
spinJles, together with the bearings of the gear wheels 
and pinion shafts, are also a’ to work under a 
system of forced lubrication. working out the 
design as outlined above, great attention has been 
paid to providing accessibility to the various bearings 


and other parts. 

For the sate) lubrication system two si inder. 
direct-acting vertical pumps have been sup by 
Messrs. G. and J. Weir, of w. These pumps are 
fitted with suctions to the oil drain tank situated at a 
low level’ in the engine-room, and they are d to 


deliver through an oil cooler of the straight-tube 

The connections are such that delivery can be made 
either to gravitation tanks placed high up in the engine 
room or direct to the gearing and turbine shaft bearings, 
the oil after use finally draining back to the drain 

A duplex pump of the vertical ype, with complete 
gun-metal water end, and supplied by Messrs. Dawson 
and Downie, Limited, Clydebank, is fitted for providing 
circulating water to the oil cooler. 

It may be noted that experience has proved that 
the noise produced with this double reduction gearing 
is no greater than with single gearing. 

The thrust shaft, main line shafting and propeller 
shaft are of forged ingot steel. The propeller is of the 
built type, with boss of cast-iron, to which are attached 
four blades of manganese bronze. The thrust block 
is of the Michell type, the details of the design having 
been based upon experience obtained with this type of 
block in other classes of work. 

The con Jensers are of the Weir Uniflex type, designed 
to secue 27} in. of vacuum in ordinary service 
conlitions with the temperature of sea water at 
8) deg. Mah: In the arrangement of machinery it was 
foun! possible to place the condenser at a low level, 
ant at the same time quite close to the low-pressure 
turbine, which simplifies the drainage problem, and 
also does away with the usual exhaust connection. 
For circulating water through the main condenser, a 
pump of the centrifugal type is provided. This pump 
can be driven by either of two independent, single- 
cylinler, open-type engines which, together with the 

ump, have been supplied by Messrs. Drysdale and 
bo. Pimite, Glasgow. 

An air pump of the Dual type, as supplied by Messrs. 
G and J. Weir, Limited, is fitted to work in conjunction 
with the condenser. The air pump is of the merchant- 
service type, having gun-metal pump barrels with 
cast-iron too and tops, fitted with gun-metal buckets, 
manganese bronze pump rods, steel piston rods and 
Kinghorn valves in gun-metal seats. The feed pumps 
consist of three single-cylinder direct-acting vertical 
pumps, each pump being capable of delivering the 
n :cessary feed water under ordinary service conditions. 
Tae water ends of the pumps are entirely of gun-metal, 
fitted with gun-metal liners, gun-metal buckets, 
manganese-bronze rods and bronze valves in gun-metal 
seats. The feed water is delivered by the feed pumps 
through one surface feed-water heater of the multiflow 
type, which is arranged to utilise the steam from the 
auxiliary machinery. The shell of the feed heater is 
of close-grained cast-iron and fitted with solid-drawn 
copper tubes. The whole of this plant was supplied 
by Messrs. G. and J. Weir. A feed-water filter of 
the gravitation type, mule by the North-Eastern 
Marine Engineering Company. Limited, Wallsend, is 
fitted, the filter tank being pretes with the necessary 
float gear for controlling the feed pumps. The main 
air pumps are arranged to deliver the feed water to this 
filter tank, and the feed pumps to draw therefrom. 

The auxiliary condenser is of the ordinary design, 
with cast-iron body of circular section. It is of 
sufficient capacity to deal readily with the exhaust 
steam from the whole of the auxiliary pumps, &c.. 
electric-lighting plant, winches and deck fittings. 
Tt is of the non-vacuum type, and is arranged to drain 
to the filter tank. 

Other auxiliary machinery forming part of the com 
plete engine-room installation includes a service donke: 
for general purposes of the vertical duplex t; wit 
complete cae tone water pet, ‘this pump also 
a to deliver to deck for sani’ A 
large ballast pump of the vertical duplcx type in fitted 
for dealing with the water ballast carried in the double- 
bottom tanks. The two bi mps are worked from 
the gear-wheel shaft, one 4 ee being to 
draw from the sea and deliver into the wash-deck pipe 
and sanitary tank. 

The evaporating plant, fitted by the mac! 
tractors, consists of one evaporator supplied by 
Davie and Horne, Limited. This is of the merchant- 
service types and is capable of evaporating 30 tons of 
water por day of 24 hours when supplied with direct 
boiler steam. For feeding the evaporator a vertical 
pump of the simplex low-service type is fitted ; this has 
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been supplied by the makers of the evaporating plant. 
The cual berm generally have been made suitable 
for the full boiler pressure and for working with steam 
having a moderate degree of superheat, and to this end 
are provided with several special features such as 
metallic packing to the steam piston rods, &c. 

The boilers are of the multitubular, single-ended 
type, two in number, each 16 ft. outside diameter and 
ll ft. long, with three Morison furnaces. They are 
constructed for a working pressure of 220 lb. per square 
inch, and will be operated under natural draught. 

Superheaters are fitted to the boilers, the special 
fittings for these having been supplied by the North- 
Eastern Marine Engineering Company, Limited, 
Wallsend-on-Tyne. The amount of superheat con- 
templated is about 200 deg. F. at the boilers. Diamond 
blowers are fitted to the back of each combustion 
chamber with steam connections complete. Both 
boilers discharge into a single circular-shaped chimney, 
the height of which above the grate is about 70 ft. 
For disposing of the ashes an ash hoist was supplied 
by Messrs. Railton, Campbell and Crawford, Limited, 
Liverpool. 

Considerable attention has been paid to economising 
radiation and convection losses throughout the whole 
plant. The turbines are cleaded with an inner layer 
next the walls of asbestos fibre-filled matresses 1} in. 
thick, this is followed by an air space, which is covered 
by the outer layer of magnesia blocks 2 in. thick, 
the whole being cased with planished steel sheets 
secured with polished steel bands. The steam cylinders 
of all auxiliaries except those for the ash hoist are 
covered with 1} in. of magnesia or similar composition 
placed direct on the castings, then an air space, 
followed by 1} in. of asbestos mattresses, the whole 
being covered with planished sheet steel. Steam 
valve chests and all exposed steam surfaces are covered 
with non-conducting composition and cased in 
with planished sheet steel. 





4-TON “TOPLIS” LUFFING CRANES FOR 
SHIPYARDS. 

THE application of horizontal luffing cranes of the 
jib type to services of a general character, ially 
with regard to the handling of cargo, having proved a 
marked success, it follows that their use for the 
— of shipbuilding is only a natural consequence. 

essrs. Stot & Pitt, Limited, of Bath, have 
recontly specially designed some cranes of this type 
for shipyard use, and although we have in our issue 
of June 26, 1914 (vol. xcvii, page 874), described the 
principle of the Toplis luffing and balanced jib 
mechanism, and in a subsequent number, that of 
September 24, 1915 (vol. oc, 306), described a 10-ton 
crane installed in Hills’ Dock and Engineering 
Company’s yard at Cardiff, the subject is of such im- 
that we now give particulars of an interesting 

application of this type of crane in a shipyard. 
Toplis system of horizontal luffing is well known ; 
&@ prominent feature of this gear is its mechanical 
simplicity, together with the advantages obtained by 
the introduction of the balanced jib. Owing to the 
balance of the jib, the movements of the latter are 
exceedingly ve to the controller handle, and 
render the pulation, even at high speeds, a com- 


and at the same time the 








‘rrgeat os 4 a matter. The speeds of luffing may 
peeer absorbed 


in luffing the jib and load is remarkably 
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THE WALLSEND SLIPWAY AND ENGINEERING COMPANY, LIMITED, WALLSEND-ON-TYNE 
Fig.9. ViEW LOOKING AFT FROM FRAME 79. 








low. Further, due to the perfect balance at every 
radius, there is no tendency of the jib to get out of 
control. This characteristic adds to the confidence 
of the driver, and to the rapidity with which the 
cranes can be worked. 

Provided the system of horizontal luffing can be 
obtained without any corresponding disadvantages 
such as complexity of design, the predominant advan- 
tages of cranes so fitted over those of the non-hori- 
zontal type may be summarised as follows :— 

1. Simple control and consequent induced confidence 
of the operator. 

2. Rapidity of working. 

3. Lower power consumption. 

4. Safety, owing to there being no tendency for the 
jib to take charge. 

5. Reliability. 

It will be readily understood that if advantages 
such as these can be indisputably established, they 
are characteristics which will make a very strong 
ap to shipbuilders. 

ring the past few years.a number of cranes of the 
cantilever type have been installed in British shipyards, 
and there is a tendency to perpetuate this practice 
at the present time. In considering the advantages 
of the jib t; in contradistinction to the cantilever 
type, the following points should be noted :— 

Assuming that the cranes are of the fixed type, and 
that the radii of the several cranes in plan cut each 
other—which is the usual practice—it will be necessary 
to make the cantilever towers of different heights in 
order that there shall be no danger of the cantilever 
jibs fouling each other during the operation of slewing. 
With the jib type of crane, the heights of all the towers 
can similar, viz., the minimum height necessary, 
as the jibs can be simply and rapidly adjusted to clear 
obstacles, so that there is no danger of fouls when 
slewing. Again, the power absorbed in slewing the 
cantilever jib is always the maximum amount, even 
if the load is only being carried at the minimum radius, 
and it is well worth observing that the power necessary 
to slew the jibs of this type in high winds may rise 
to a surprising figure. Conversely, when the wind is 
assisting the slew, the jibs are liable to get out of 
control, owing to the large wind-turning moment 
produced. With the jib type of crane, the jib is 
— dip sy radius at which the load is being 
wor! power required for slewing is corre- 
spondingly reduced to a minimum. Then, again, the 
load with the cantilever type of crane is almost in- 
variably lifted on a snatchblock with two falls of rope, 


disadvantage from ’ 
particularly so with regard to the danger of twisting 
up of the With the jib type of crane, the load 
lifted on a single fall, which gives the maximum 
convenience for handling and automatically eliminates 
danger of twisting, and the attendant disadvantages. 
one other point which may be mentioned 
crane, viz., that the latter crane, 
to the capability of adjustment of the jib, will 
@ maximum amount of clearance under the jib, 
the latter at radii smaller than the maximum, 
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type—a type largely favoured for shipbuilding at the 
present bho owing to the economical and elastic 
distribution of crane power which it provides—the 
advantages of the jib crane are still more marked, 
for whereas cranes of the cantilever type cannot 
approach each other nearer than the distance necessary 
to give the required clearance for one cantilever to 
slew underneath the other cantilever, the jib type 
cranes may approach each other to such a point of 

roximity that only sufficient clearance is allowed 
their jibs at minimum radius. This advantage is 
a very important one, as it gives shipbuilders a means 
of an economical adjustment and concentration of 
hook power, and a flexibility of crane system, which 
cannot be obtained with the cantilever type. 

The crane we illustrate by Figs. 1, 2 and 3, on page 
209, is one of a large installation of Toplis horizontal 
luffing cranes, and is unique in that the radius is 105 ft. 
—an exceptional figure for jib cranes—and the centres 
of the jib are 115 ft. The maximum load lifted is 
4 tons, at the maximum radius, and a change gear is 
provided for loads of 2 tons. The electrical supply 
is direct current at 500 volts, and the hoisting motor 
is 30 brake horse-power at 552 r.p.m., giving a maximum 
speed of 75 ft. per minute with 4-ton load, and 150 ft. 
per minute with 2-tons load. The total height of lift 
is 91 ft., 75 ft. above ground line and 16 ft. below; the 
hoisting barrel is 2 ft. 6 in. diameter, and is operated 
through a worm gear, and one set of spur gear, and is 
consequently very silent in operation. e empty 
hook may be lowered rapidly by disengaging the pinion 
from the spur gear on the hoisting barrel, the duam 
being effected from the operator’s cabin. The lowering 
of the load is effected by means of the potentiometer 
type of rheostatic braking, which gives a definite 
of lowering‘for a*given load on a definite controlli 
point. In operation it was found that by placing the 
nt ag on the a controlling — on the 
owering side, a lowering varying from a creep 
RPS ay 150 ft. per minute 
could be obtained without inconvenience and with 
absolute safety. 

The slewing gear is operated through worm and spur 
oe by a 15-h.p. series wound motor at 520 r.p.m. 

e worm gear is fitted with a slipping clutch in order 
to protect the gear from overl due to the inertia 
of the revolving structure in starting or stopping. 
The crane was designed for a slewing speed of one 
revolution in 3 minutes, but it was found on test that 
owing to the small amount of friction, this speed was 
considerably greater than this in still air. 

The luffing gear is fixed at the top of the mast, and 
absorbs 8 h.p. when luffing load at 80 ft. per minute. 
This motor is compound wound, and is rated at 
12 brake horse-power at 520 r.p.m. The luffing gear 
is operated through worm and spur gear, the latter 
being directly connected to the luffing barrels, which 
are 2 ft. 9 in. diameter. The luffing ropes are in 
duplicate, and also the ropes from the balance weights. 
To effect the balancing of the loads on the luffing 
barrels the ropes are taken from these barrels on one 
side in a direction to the jib head, and on the other side 
in a direction to the rolling ballast weight. It will be 
observed that this rolling ballast weight runs upon 
an inclined rail projecting from the back of the crane, 
and its primary function is, of course, to balance the 
jib. The movement of the ballast weight on an inclined 
path, however, approaching the centre of the crane 
when the jib is approaching the centre of the crane, 
and in a like manner receding from the centre of the 
crane when the jib is performing a similar motion, 

rforms a secondary function of some considerable 
importance. It will be readily understood that such 
a combination of movement of the jib and balance 
weight will tend to keep the centre of gravity of the 
crane on the vertical line of the crane structure, and 
calculation shows that the centre of gravity of the 
whole crane for all positions of the jib, with or without 
load on the hook, is confined to a very small lateral 
movement. As a record of fact, this crane underwent 
a we severe testing with 25 per cent. overload without 
any foundation bolts whatever in the base. 

The hoisting gear is fitted with an overwinding switch 
which automatically cuts off the current when the 
maximum height has been obtained. The luffing gear 
is also fitted with a limit switch at either end of the luff, 
and the operation of these switches was so satisfactory 
under actual test conditions, that no danger arose 
in putting the controller to the full “on” position in 
either direction and leaving the switches to auto- 
matically arrest the motion of the jib. The operator 
is p in a cabin at the side of the mast, in such a 
position that he gets a wide angle of vision and an 
unobstructed view of the ground over which the crane 
is operating. 

Considerable thought was given to the general 
design of the structure carrying the crane, the object 
being to obtain a structure such that all stresses 
were as far as possible statically determinable, and 
same time to eliminate redundant members 
d reduce elasticity to a minimum. In this latter 
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connection the probable effect of secondary stresses 
were carefully considered. All parts of the structure 
were thoroughly analysed, and no members were 
introduced unless their presence could be amply 
‘ustified 


J 

The results more than realised expectations, the 
structure being extraordinarily rigid in spite of its 
general appearance of lightness, and there was no 
indication of weakness in any part. As an indication 
of the absence of vibration on this crane, a wineglass 
of water was placed on the load, and the crane was then 
put through its various motions of hoisting, slewing 
and | at full speed, a number of times. On 
lowering load after these operations, it was found 
that the wineglass was just as it had been placed, 
and that no water had been spilt in the process. In 
Fig. 4, on page 212, a view is given of a number of these 
cranes fixed in position at one of the National 
Shipyards. 








Tue Iron anp Street InstrrvTe.— The annual and 
autumn meetings of the Institute will be held at the 
Institution of Civil Engineers, Great George-street, 
Westminster, 8.W. 1, on the following dates: Annual 
meeting, Thursday and Friday, May 8 and 9; annual 
dinner, Thursday, May 8; autumn meeting, Thursday 
and Friday, September 18 and 19. 





Betrast Sxaipyvarp ApprointMENT.—Lord Pirrie, in 
consultation with his co-directors, has, owing to the death 
of Mr. George Cuming, J.P., appointed Mr. R. Crighton 
deputy-chairman of the company and chairman of 

ing directors. Mr. Crighton has been in charge 
of the firm’s works in Southampton and Liverpool. 
Mr. F. E. Rebbeck has been appointed managing director 
of Messrs. Harland and Wolff's engine works in Belfast, 
in addition to the Diesel engine works in Glasgow, of 
which he is already managing director. Mr. Rebbeck 
was formerly one of the managers of the engine works 
in Belfast, and took charge of the Diesel engine works 
in Glasgow a few years ago. 





rt 
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Tos Market Rerort.—There is no change to re 
in the Swansea tin plate market, prices remain 
and there is still a good demand for prompt plates. 
Galvanised sheets, 24G in bundles, are nominal. Block 
tin is 2261. cash, 2237. 15s. three months; copper, 
79%. cash, 70). 10s. three months; Spanish lead, 291. ; 
and spelter, 48/. The Swansea Harbour Trust tin plate 
shipment returns are as follow: Received from works : 
Last week, 33,624 tons; previous week, 44,755 tons ; 
corresponding week last year, 20,124 tons. Weex’s 
shipments: 10,435 tons, against 29,281 tons and 29,367 
tons respectively. Stock at docks: 154,771 tons, 
against 131,582 tons and 166,476 tons respectively. 

Tue vate Mr. Francis Brapy.—We regret to have 
to record the death which occurred on Febr 1, at 
1, Mansion Place, Queen’s Gate, 8.W. 7, of Mr. Francis 
Brady, C.E. Mr. Brady was in his ninetieth year. 
He was appointed engineer of the South-Eastern Railway 
Company in March, 1870, after a term of years in the 
service of the same company in the capacity of an 
assistant engineer. He unde ‘the construction of 
several branch lines, among which were the Hythe and 


me ory the Bromley direct, the ‘Westerham, the 
H of Hoo with the landing at Port Victoria, 
the West Wickham and Hayes, the Bexley Heath lines. 


He was responsible for the experimental boring work 
carried out under the South-Eastern Railway Company’s 
Act, 1874, with a view to the construction of the proposed 
Channel Tunnel, and which was stopped in July » 1882, 
4 an injunction obtained by the Board of Trade. 

. Brady also conducted, in Kent, boring operations for 
coal. He was a member, since May 5, 1868, of the 
Institution of Civil Engineers. 





PeERsonAL.—We understand that the Newall Engineer- 
ing Company, which, during the latter part of the war, 
was taken over by the Ministry of Munitions, and 
operated as a National Gauge Factory, has now reverted 
to its former proprietors, Messrs. Hooker, Limited. 
It is understood that the company intends to reorganise 
and develop its pre-war business in gauges, micrometers, 
and measuring machines, together with additional 
—— which will shortly be announced. The 

ewall i i « y has appointed Captain 
R. J. Bray, Director of the Machine Tool Section, Aircraft 
Production ee. as — manager.—We note 
that the well-known firm of John Thompson, Etting- 
shall Engineering Works, Wolverhampton and Dudley, 
established in 1840, has now been formed into four 
limited companies: John Thompson (Wolverhampton), 
Limited, manufacturing Lancashire boilers and welded 
work—capital, 230,000/.; John Thompson, Water-Tube 
Boilers, Limited, for the manufacture of their patent 
water-tube boilers—capital, 170,000J. ;. John Thompson, 
Motor Pressings, Limited, motor-frame i 
general pressed work — capital, 100, ; John 
Thompson (Dudley), Limited, general constructional 
work, steel chimneys, &c.—capital, 100,0007. A very 
a part of the reorganisation is that the heads 
of staff of the various departments have been bro 
on to the directorate of the various companies, the 
having recogni in a practical manner the efforts and 
initiative of their The governing directors are 
Messrs. James Thompson, A. E. Thompson, W. J. 
Thompson, and 8. J. Thompson, with r directors 
appointed from the managing staff. About five years 
ago, a profit-sharing scheme was started, both for staff 
and wor and this scheme has been further 








extended in the shape of shares in the new companies. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 
Scotch Steel Trade.—Notwiths i the events of 








the two weeks or so, the steel trade in the West of 
Scotland remains on a fairly satisfactory basis, the only 
blot on the horizon being a want of co ce regarding 


future prospects. The work of reconstruction requires 
the wholehearted services, not of employers alone, but 
of every man who claims to have a patriotic interest in 
the welfare of the country. Unfortunately, two of 
the local steel works were obliged to close down last 
week on account of the labour troubles, but in all other 
cases the men were able to carry.on much as usual, a 
point of note, considering the number of good orders at 
present on hand. One effect has been a distinct fall 
of output, harmful in the extreme. The threatened 
competition from other countries, anxious to secure the 
trade which we have made peculiarly our own should 
be the best reply to the foolish demands of a section of 
the community which never seems to know when it is 
well off. Home work continues to absorb the bulk of 
the output, but more material is now available for 
shipment, mainly as a consequence of the disturbing 
element in the shipbuilding industry. A further re- 
adjustment of prices has taken place, and for home 
deliveries 141. per ton is now quoted for ship plates, 
151. for boiler plates, and 13/. 12s, 6d. for angles—all in 
trucks at producers’ works. For export, ship plates are 
161. 108. ; boiler plates, 17/. 10s. ; and angles, 16/. 2s. 6d., 
all f.o.b. at nearest shipping port. By arrangement, steel 
makers will refund to Bareement the difference between 
the home and the export rates. 


Malleable Iron Trade.—The malleable iron industry 
has been fortunate in that the existing system relative 
to wages prevents any trouble or difficulty between 
employer and employed, the rise and fall of prices settling 
automatically, t men’s wages. As a consequence, 
business is running smoothly and briskly, a better supply 
of fuel affording opportunity for increased output. 
Orders are well maintained, the home market still 
having the preference owing to the prohibitive rates 
for shipment. Prices have been raii both for home 
and export. 


Scotch Pig-Iron Trade.—Although the furnaces have 
continued in full blast, smelters are still unable to 
accumulate any stock, so that would-be export buyers 
have not had a look-in even yet. At the same time a 
freer supply has been available during the past few 
days through the temporary cessation of operations in 
so many foundries, steel works and engineering shops, 
and this surplus has been greedily taken up by con- 
sumers who, till now, have had the greatest difficulty 
in obtaining supplies. Thus it will be seen that demand 
still runs ahead of supply. Prices are unchanged as 
yet, although there is a probability that an increase will 
shortly be announced, as the adjustment of subsidies 
is a matter requiring immediate attention. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
@@§ Hull Coal Trade.—A further decline is recorded in the 
return of coal imports to Hull for January last. The 
total was 174,970 tons, against 218,667 tons in the 
corresponding month of last year. For the year the 
total imported, 2,605,602 tons, was 206,754 tons below 
the total for 1918. As instancing the big fall in receipts 
from individual collieries over the year as compared 
with the former twelve months, it is noted that Denaby 
and Cadeby sent 229,045 tons, as against 301,208 tons in 
1917; Bullcroft, 85,120 tons, against 125,021 tons ; 
Glass Houghton, 76,519 tons, against 100,904 tons ; 
Manvers Main, 77,138 tons, against 90,876 tons; and 
Grimesthorpe and Frickley, 72,163 tons, against 90,470 
tons. Receipts, however, were not wholly on the down 
. Darfield Main, Elsecar, Hickleton, Monckton 
in, Monk Bretton, Peckfield, and Yorkshire Main, all 
sent bigger to , the most notable increase being 
that of the South Kirby, Featherstone, and Hemsworth 
collieries, which sent 105,176 tons, as compared with 
59,412 tons in 1917. 


@ Iron and Steel.—Labour unsettlement in the provincial 
iron and steel industries is reflected in the South York- 
shire trades, though perhaps in a minor degree. So far, 
carefully organised negotiation has prevented anything 
in the nature of actual eruption, and while conditions 
are by no means settled, there is no immediate likelihood 
of a in the relations of employers and employed. 
It would be idle to pretend, however, that the general 
feeling of unsettlement is without effect on current 
conditions and prospects. Until smoother working is 
established, manufacturers and merchants naturally 
hesitate to commit themselves to obligations extending 
7 far ahead, and as a general result business is being 
held up. Thus, though some departments are not 
working full time, orders are being turned away. Crucible 
furnaces are working short time, but in the departments 
for finished steel products the d d far exceeds the 





and| output. Rather more robust is the export trade, but 


in comparison to the number of inquiries the volume of 
business done is small. Railway steel departments have 
plenty of work on hand at the moment, though the 
effect of high prices of material and close competition 


is keenly felt. Business in billets is of a moderate 
character at the following rates :—Soft basic, 111. 128. 6d. 
hard basic, 10. 15s. ; Bessemer acid, 151. 28. 6d. 


Siemens’ acid, 15/. 12s. 6d. The release of ore to tungsten 
makers has caused a marked deflation in high-speed stee! 
7° . Best quality steel has declined from 4s. 5d. to 

. 11d. per pound, and second quality 3s. 8d. to 3s. 4d. 
Makers of files and stool tools are working andor ressure, 
but will be much better able to meet big demands 
made upon their output when the task of adapting war 
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plant to civil needs is completed. New plant is being 
installed in forges and rolling mills to ensure production 
on the most efficient basis. 


South Yorkshire Coal Trade.—Conditions are running 
rather more smoothly in the South Yorkshire coal trade, 
though the effect of recent interruptions in delivery has 
not been entirely effaced. Works still complain of the 
short tonnage at their disposal, and would readily take 
a larger share of the output if it were available. Only 
a moderate amount of overseas business is being done. 
Both gas fuels and slacks are in big demand, no surplus 
to’ remaining for open market disposal. Prices all 
round are firm at the following rates :— branch hand- 
picked, 27s. to 28*.; Barns best Silkstone, 278. to 
278. 6d.; Derbyshire best brights, 25s. to 26s.; Derby- 
shire house coal, 22s. 6d. to 23s. 6d.; best large nuts, 
228. 6d. to 238. 6d.; small nuts, 21s. 6d. to 228. 6d. ; 
Yorkshire hards, 22s. 6d. to 23s. 6d.; Derbyshire hards, 
21s. Od. to 228. 9d.; best slacks, 18s. to 198.; seconds, 
168. to 188. ; smalls, 13s. to 14s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mripp.iesBrover, Wednesday. 

The Cleveland Iron Trade.—Demand for Cleveland 
pig-iron continues heavy, and a fair amount of business 
is passing. ‘Transactions, however, are still very largely 
restric’ to sales to home customers to meet early 
requirements. The scarcity of foundry wr appears 
to be even more acute than it has been. Under the 
conditions prevailing it is quite impossible fully to 
satisfy home n , and for the present, producers 
will not entertain neutral business, inquiry for which 
is very heavy, especially on behalf of Scandinavia and 
the Far East. Althong every effort is made to distri- 
bute the iron available in an equitable manner, some 
foundries have been laid idle through shortage of supply. 
Difficulty is no longer experienced in securing export 
licences, and there is no scarcity of tonnage, so that the 
absence of foreign trade is entirely due to inability to 
obtain the class of iron needed for shipment abroad. 
It is almost impossible to buy iron for export just now, 
except for France, and shipments to that country are 
by no means large. It is unfortunate that there seems 
no prospect of any material increase of output of foundry 
pig-iron, at all events in the immediate future. Forge 
and mottled, and white iron, are very plentiful, and are 
being used as extensively as possible. For home con- 
sumption, No. 3 Cleveland pig-iron, No. 4 fo and 
No. 4 forge are all quoted 95s., and No. 1 is 99s.; and 
for export, No. 3 and the lower qualities are 145s., 
and No. 1 is 150s. 


Hematite Iron.—The situation as regards East Coast 
hematite iron shows further improvement. With supply 
sufficient to go round, trade is proceeding steadily, and 
so long as means of distribution can be arranged, all 
home needs are satisfied ; whilst rather more iron is 
obtainable for shipment abroad, but the quantity avail- 
able for such despatch is still only small, and licences are 
very difficult to secure. Nos. 1, 2 and 3 stand at 122s. 6d. 
for home use and 172s. 6d. for export. 


Coke.—Coke is certainly less scarce, but the improved 
deliveries still leave much to be desired, and consumers 
are as insistent as ever in go ey for larger supplies 
to the blast furnaces. Medium furnace quality is 
33s. at the ovens, and low phosphorus sort 35s. 6d. at 
the ovens. 

Manufactured Iron and Steel.—Labour troubles have 
had some disturbing influence on certain branches of the 
finished iron and steel] industries, but manufacturers are 
full of orders, and output is heavy, particularly as 
regards railway material, and constructional steel. To 
home customers, common iron bars are 151. 108.; steel 
ship, bridge and tank plates, 14/.; steel ship angles, 
131. 128. 6d.; steel boiler plates, 151.; chequer plates, 
15l. 108. ; steel joists, 131. 12s. 6d.; heavy steel rails, 
131. 108. ; and billets and blooms, 11/. 2s. 6d. to 121. 15s. 


Ironworkers’ Wages.—The accountants to the Board of 
Conciliation and Arbitration for the Manufactured Iron 
and Steel Trade of the North of England have certified 
the average net selling price of bars and angles for the 
two months ended December 31 last at 151. 10s. 9-11d. 
per ton, as compared with 15/. 6s. 3-69d. per ton for the 
previous two months. This carries an advance of 
3d. per ton on puddlixg, and 24 per cent. on all other 
forge and mill wages, but in accordance with the Ministry 
of Munitions Lines of Settlement of January 3, 1918, 
and February 20, 1918, the advances merge into the 
124 per cent. bonus, and the 7} per cent. bonus granted 
under those settlements. The accountants make a note 
to the effect that in accordance with instructions con- 
tained in a letter dated April 16, 1918, from the Ministry 
of Munitions, the average realised price for the two 
months ended December 31 sho’ be increased in 
respect of subsidies granted to pig-iron makers, by the 
sum of 20s. per ton on sales for home consumption. 
After making this adjustment, the ascertainment is 
increased to 161. 108. 0-63d. per ton. 





NOTES FROM THE SOUTH-WEST. 

Carpirr, Wednesday. 
The Local Markets.—The demand for large coal 
continues active, and shi ts are being pushed forward 
with as great a despatch as possible, but the docks, as 
pointed out before in these notes, are unable to cope 
with the pace at which tonnage is arriving, and there 
now prevails a state of real congestion. frost this 

week interferes somewhat with the working of the ti 

owing to the hydraulic appliances being affected, but t 
number of hoists temporarily incapacitated have been 
comparatively few. damage done, however, though 





limited, has accentuated the deficiencies in the facilities 
for the shipment of coal and the number of vessels 
awaiting turns. has consequently been augmented. 
Best bunk:r smalls are firm, with washed smalls also 
in request, but the lower grade descriptions are weak, 
while throughs show no improvement. decision of 


NOTICES OF MEETINGS. 


Tue Instrrution or Santrary ENGrngeeRs.—Monday, 
February 17, at Caxton Hall, Caxton-street, West- 








the local Coal and Cok> ae lies Committee to allow the 
supply of coal for household consumption has had very 
little effect on the mark»t, as the quantities of coal 
consumed for domestic purposes are small relative to the 
output, but the concession is a public convenience and 
much reciated. Pitwood supplies are still short, and 
the conditions governing exports from Spain and 
Portugal are practically prohibitive. There is no 
alteration in the coke market, supplies continuing to be 
retained as far as possible for home consumption. 


Newport.—The demand for Monmouthshire steam 
coals, particularly Black Veins and other descriptions, 
is very active, while inquiries for inland consumption are 
also numerous and pressing. Transport facilities are 
improving slightly, but they are still unsatisfactory, and 
are "eas @ an impediment on both production 
and ibution. Washed coals are in fairly good 
demand, but other qualities of smalls are weak. Ship- 
ments are very active, and the Alexandra Docks Com- 
pany have just brought into use one of the three 
new hoists, for which contracts were placed as far back 
as 1914, and structural operations have also been com- 
menced for the erection of another tip, while it is expected 
that a third new tip will be taken in hand early in April. 


Coals for Neutrals.—It will be recalled that a practically 
free market was restored to neutrals within the limitations 
of the Coal Controller’s directions as contained in the 
circular issued on January 17. Collieries are now 
informed that the District Coal and Coke Supplies 
Committee have discussed with the Coal Controller the 
question of allocation to colliery companies of coal 
for neutral destinations, and that it now been 
definitely decided that no such allocations are to be 
made. All South Wales colliery companies are . 
however, to obtain the highest price for the coal supplied 
to neutrals. The minimum prices scheduled by the 
Controller have been ionally e ded since the 
allocations were suspended, and, in so far as the la 
coal market is concerned, the conditions are favourable 
to the securing of enhanced figures, but business with 
the local markets is still largely confined to allied 
destinations, and there would appear to be very little 
prospect for some time to come of any substantial increase 
in the quantity of coal available from the South Wales 
coalfield for shipments to neutrals. Though in individual 
cases prices appreciably in excess of the scheduled 
minimum age are being quoted for neutral buyers, 
it cannot said that any market price has yet Loon 
established for this business. 

The Miners’ New Demands.—Statistics have been 
compiled which show that the average underground wage 
(including the lowest paid labourers and boys) in the 
South Wales coalfield in 1914 was at the rate of about 
931. per annum. Today, however, this average has 
mounted up to between 1701. and 180/. per annum. 
Moreover, while in 1914 the ave cost of labour and 
stores per ton of large coal was about 15s. 3d., to-day 
it is over 358. per ton. It will thus be seen that if the 
new demands are to be conceded, the price of coal will 
reach a figure which will constitute a menace to the 
future industrial well-being of the country. 

—~ oe of Unsafe Workings.—It will be recalled 
that workmen at the Llanhilleth Collieries, Mon- 
mouthshire, and subsequently at other collieries, have 
been refusing to go down the pits on account of alleged 
accumulations of gas. An exhaustive inqui was 
instituted into the position at the Llanhilleth Colliery, 
with the result that Sir Richard Redmayne, the Chief 
Inspector of Mines, has repudiated these allegations, 

has given it as his opinion that there was no justifica- 
tion for the allegation that gas had aceum to such 
an extent as to render the wor dangerous. The 
miners, however, are dissatisfied with the findings of the 
Chief Inspector, and re tations are being made to 
the Miners’ Federation of Great Britain to take action 
in the matter. 


Colliery Clerks and the Minere.—Considerable dis- 





cussion has recently taken place regarding colliery clerks 
being allowed to become members of the Miners’ Federa- 
tion. Those in the employ of the Hills Plymouth 


Company, in the Merthyr district, made an application 
for mem , and one of them actually joined the 
federation. owners, however, take exception to this 
procedure on the ground that these clerks have access 
to confidential information. Ultimately the matter was 
referred to Sir Guy Calthrop, the Coal Controller, who 
has now replied that he cannot support the claim made. 
The Miners’ Federation, however, are endeavouring to 
secure the membership of all colliery clerks, and a 
conference is now being suggested with the view of 
furthering this proposal. 

Miners’ Aggressive Policy.—The Naval Lodge of the 
South Wales Miners’ Federation have refused to permit 
the senior haulage engineman, on being promoted to 
the ition of winding engineman, to become a member 
of Winding Enginemen’s Association. A meeting 
of the latter was held at Cardiff on Saturday to consider 
the position thus ted, decided upon the adoption 
of protective policy as against the federation, and it was 
resolved that in future under no circumstances could 
they advise their members to teach haulage engine men, 

that no person be permitted to work the engines unless 
he was pre to join the enginemen’s socicty. It was 
further pointed out that it was unfair, in view of the 
fact that the Winding Enginemen’s Association had 
been in existence for twenty-five years, that the miners 
should now attempt to destroy that organisation. 





1inster, S.W., when the Presidential Address will be 
given. The retiring president, Mr. G. Bertram Kershaw, 
will take the chair at 7.30 p.m. 


Tue Royat Socrery or Arrs.—Monday, February 17, 
at 4.30 p.m., Cantor Lecture :“ The 8 ientific Problems 
of Electric Wave Telegraphy,” by Dr. J. A. Fleming, 
F.R.8., Professor of Electrical Engineering, University 
Col » London (Lecture II). Wednesday, Gubrenry 19, 


at 4.30 p.m., an Meeting : “‘ The Use of Electricity 
in Agriculture in Germany,” by Mr. John Francis 
Crowley, D.8:., B.A., M.LE.E. Sir John F. C. Snell, 


M.Inst.C.E., M.1.E.E., will preside. 


Tue InstirvTion or Perroteum TEcHNOLOGISTs.— 
Tuesday, February 18, at 5.30 p.m., at the House of the 


Royal iety of Arts, John-street, Adelphi, W.C. 2. 
The following paper will be read: “The Financing of 
Oilfields,” by Mr. Montagu Summers. The chair will 


be taken by the president, Mr. Charles Greenway. 


Tue Jountor Institution or Enotngegers: Norru- 
Eastern Section.—Tucsday, February 18, at the 
Mining Institute, Newcastle-on-Tyne, paper on “ High- 
Tension Transmission Lines, Overhe and Under- 
ground,” by Mr. G. 8. Lisle. 


Tue Royat AgronavutTicat Soctety.—Wednesday, 
February 19, in the Central Hall, Westminster, a Lecture 
will be given by Mr. Claude Graham White, entitled 
“ Civil Aerial Transport—Is it Practicable ; is it Safe, 
and is it Profitable ?’’ The chair will be taken at ei 
by Major-General the Right Hon. J. E. B. Seely, C.B., 
C.M.G., D.8.0., M.P., Under-Secretary of State for the 
Air Ministry. 

Tue Royat Mereoro.oaicat Socrety.—Wednesday, 
February 19, at 5 p.m., at 70, Victoria-street, West- 
minster. Papers to be read: (1) “The Lunar Tide in 
the Earth’s Atmosphere,” b: . 8. Chapman, M.A., 
D.Sc. ; (2) “ The Gunfire on the Continent during 1918: 
Its Audibility at Chignal St. James, near Chelmsford,” 
by Mr. Miller Christy, F.L.8. 


Tue Liverroor Enorneertne Sociery.—Wednesday, 
February 19, at 8 p.m., at the Royal Institution, Colquitt- 
street, when a paper will be read by Mr. J. 8, 
entitled ‘‘ Boiler Mountings.” 


Tae Institution or Etectrrican EnGiIngers.— 
Thursday, February 20, at 6 p.m., at the Institution of 
Civil Engineers, Great George-street, Westminster, 8.W. 
Lecture on ‘‘ Dielectrics in Electric Fields,” by Mr. G. L. 
Addenbrooke, Member. 


Tue (Instirvution or Locomotive Enorverrs, 
Lonpon.—Thursday, Feb 20, at 7.15 p.m., at the 
Caxton Hall, paper by Mr. T. Thompson, Darlington, on 
“Locomotive Building Practice.” 

Tue Royvat Instirvtion oF 
Friday, February 21, at 5.30 
delivered by Mr. A. T. Hare, M.A. The subject will be 
‘Clock Escapements.”’ Afternoon Lectures at 3 p.m. : 
Tuesday, February 18, Captain G. P. Thomson, M.A., 
on “ The Development of Aeroplanes in the Great War ”’ 
(Lecture 1); Thursday, February 20, Professor H, Max- 
well Lefroy, M.A., F.E.8., F.Z.8., on “ Insect Enemies 
of our ‘ood §=Supplies” (Lecture I); Saturday, 
February 22, The Hon. J. W. Fortescue, C.V.O., LL.D., 
on “The Empire’s Share in England’s Wars—Western 
Empire ” (Lecture I), 


Great Brrraiwn.— 
.m., @ discourse will be 





Porash ry Cement Mrz Dvust.—In the oil-fired 
plant of the Riverside Portland Cement Company, where 
cement dust was first collected tor its potash content, 
the r part of the potash is recovered in the water- 
soluble form; the fractions of potash that can only be 
dissolved in acid or which are insoluble even in acid, are 


relatively small. It was later observed, however, in 
coal-fired plants that the bulk of the 


in the dust 
could only be dissolved in acids if at all, and such potash 
dust would, of course, have an inferior value as fertiliser. 


To account for this observation, first made by R. C. Haff 
at the Security Cement and Lime Company, it was 
8 ted that the h volatilised as such recombined 
in kiln with the siliceous ash particles of the coal 
fuel, or that the acid-soluble potash was directly due to 
the coal ashes and to dust particles of the raw mixture 
mechanically carried over. Investigating this problem, 
Albert R. Merz and W. H. Ross, of the Bureau of Soils, 
Washington (Journal of Industrial and Engineering 
Chemistry, January, 1919, pages 39 to 45), come to the 
conclusion that the water-soluble potash owes its source 
(a) to the volatilisation of potash during the burning of 
the cement ; (b) to the decomposition of potash silicates 
in the raw mix mechanically carried over ; and (c)to the 
ash of the coal, the potash of which is liberated by the 
action of lime. The sources of the acid-soluble potash 
are on the other hand: (a) Recombination of some 
volatilised potash with the fuel-ash ; (6) recombination 
of some potash with the siliceous material in the mix 
(this only to a much smaller extent); (c) a partial 
decomposition of the silicates of the raw mix and of the 
ash mechanically carried over. The portion of the 
potash which has undergone recombination is of the 
nature of a potash slag or glass; when little potash is 
volatilised, particularly in presence of carbon, there 
will be recombination, which might be reduced by keeping 
an oxidising rather than a reducing atmosphere in the 
kiln, and further introducing lime or common salt 
into the dust at the hottest part of the kiln. The 

to recombination is low when much is 





tendency 
volatilised, and large when little potash is volatilised, 
and shows this most with poor recoveries. 
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NEW INDUSTRIES FOR ENGINEERS. 
ApHrFrents of the materialistic school of 
economics have been wont to wax eloquent on the 
theme that each nation should confine its manu- 
facturing activities to the production of such 
commodities as are specially suited to its natural 
and industrial conditions. All other commodities 
should, it is claimed, be imported from countries 
where circumstances are more favourable to these 
particular manufactures and products. The pro- 
position is, of course, eminently plausible. No one, 
for example, would propose to supply our demand 
for oranges by developing here the culture of orange 
trees in hothouses, nor is our proposed forestry 
authority likely to attempt to raise in the wilds of 
Wales and the highlands of Scotland crops of 
mahogany or teak. As a reliable guide to an 
economic policy, however, the axiom above quoted 
suffers under the disability that in most cases it is 
far from easy to determine off hand whether a 
particular commodity is well adapted for production 
in a given country or industrial area. In all the 
easy cases plain commonsense is sufficient to arrive 
at correct conclusions as to the prospects of a 
proposed industry, whilst in the difficult cases the 
maxim in question is, as experience has shown, 
likely to lead to wholly erroneous views. A reliance 
on it would, for example, have prevented the estab- 
lishment of the large and prosperous engineering 
undertakings of Switzerland, a country practically 
devoid of coal and iron. Water power was no 
doubt available there, but this fact played no part 
in the founding of the great firms of manufacturi 
engineers, whose products, in spite of Switzerland’s 
lack of a seaboard, have entered into effective 
competition with our own all the world over. 
Politicians of the older school who drew their 
inspiration from this formula, and those survivors of 
it who have learnt nothing and forgotten nothing 
during the past strenuous years, had, and have, one 
simple formula for determining whether or no a 
particular product is better adapted for manufacture 
abroad than at home. This criterion is the price 
at date in the British market. Our ancestors, on 
the other hand, thought that the establishment of 
an industry in this country might be tenn 
purchased, even at the cost of a temporarily enhanced 
price to the general consumer. Thus in the reign 
of Charles 1 a monopoly for the manufacture of alum 
was granted to an enterprising Yorkshireman, with 
the ultimate result that the home price fell greatly 
Nay that of the imported article. 
The above observations have a very direct 
on the of the Trades 
(New Industries) Committee, of which we published 
an abstract on January 24th last (p g:122 anic). In 
this document many manufactures are enumerated, 
our demand for which has been supplied by impor- 
tation, though they could equally well be made in 
this country. In many cases the condition of 
t about because 
foreign countries have deemed it their duty to foster 
native industries, whilst for many decades past 
Parliament here has been actuated by very different 
motives. The committee, for example, call attention 
to the disastrous effect of Mr. Chamberlain's Acts of 
the early ‘eighties on the development of the heavy 
electrical engineering trades in this country. These 
Acts constitute a striking instance of how blatantly 
even a clever man may blunder when he elects to be 
by logical panies instead of by evidential 
One of Mr. Chamberiain’s aims was to 


protect the consumer from extortion. It certainly 
cannot be denied that rns ap co mF tp 
very completely attained, since if a consumer is not 
permitted to come into existence it follows a fortiori 
that his victimisation is impossible. His second 
object, the promotion of municipal enterprise, had 
equally unfortunate resulta. field of heavy 
electrical engineering in which at that time we led 
the world was, the committee state, “ hampered 
by stupid repressive legislation.”” Development was 
accordingly slow here and rapid abroad, and when 
finally, a move was made, the municipalities 
deliberately gave every preference to foreign firms, 
on the ground that they must not risk the rate- 
payers’ money in giving orders to make s without 
large in the kind of work required. 
This contention was indeed carried to eatraordinary 
lengths. We rememb r a case in which a British 
firm, which had a singularly favourable record in 
steam turbine building, found ite tender rejected in 
favour of a Continental machine because the largest 
unit the firm in question had then constructed was 
rated at 2,500 kw., whilst an output of 3,000 kw. 
was demanded by the specifications. The com- 
mittee note that this practice still persists, and that 
both Government and municipal authorities refuse to 
accept British tenders for high-tension switch gear 
on the ground that our manufacturers have not had 
as much experience with this class of goods as certain 
foreign firms. If, as some sections of labour demand, 
all great undertakings are to be municipalised or 
nationalised, the outlook for progressive manu- 
facturing firms in this country would appear far 
from seductive. 

There are, of course, other varieties of engineering 
products of which the quantity imported was far in 
excess of the home production. This condition has 
certainly not arisen from any lack of engineering 
ability on our part. The nation which during the 
past quarter of a century has devised the steam 

urbine and the pneumatic tyre has an indefeasible 
defence against a charge of slow-wittednes: in 
matters mechanical, and it is not without interest 
to note that in sp'te of the legislative drawbacks 
to which reference has been made above, the three 
men mainly ible for modern methods of 
electrical distribution are all British subjects, viz., 
Mr. C. E. L. Brown,* Mr. 8. Z. de Ferranti and 
Sir Charles Parsons. 

Moreover, the experience of the past 4} years 


ng would of itself be sufficient to demonstrate that a 


lack of mechanical and scientific ability was not 
a factor in our failure to develop certain manu- 
factures for which the national conditions here 
appeared in every way suitable. During the war 
we have made, at short notice, and in large quantities 
a vast variety of goods previously imported, many 
of which, moreover, were regarded by their foreign 
producers as being dependent on trade secrets known 
only to themselves, and not to be discovered save 
at the cost of years, rather than months, of work. 
The enormous outputs realised in our various 
munition factories run by unskilled labour, often 
female, show further that organising ability has 
not been lacking any more than mechanical aptitude 
or scientific knowledge. The war has demonstrated 
that men with these qualifications were not want- 
ing, but the enterprise to employ them. In part, 
this has no doubt been due to the narrowly- 
ised character of our curriculum for secondary 
education, but the jealousy with which Parliament 
has regarded industrial enterprise in the past has 
— counted for even more. The American 
of fostering native industries has given the 
world the cheapest motor car and the cheapest 
internal-combustion engines yet made. Here, any 
proposal to make a new railway, or to provide cheap 
power, has for years past had to meet the determined 
opposition of men who would apparently prefer 
that an industry should not exist, if ite existence 
depended on ite being profitable. 

Our governing bodies have also hampered indus- 
tries in other ways. The maxim of Tiberius that 
taxpayers should be sheared and not flayed has been 
consistently disregarded so far as manufacturers are 
pe tt both by the ey and the rating 
authorities. It is” notorious, for example, that 








*Mr. Brown’s work, of course, was carried out in 
Switzerland. 
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official allowances for obsolescence of plant have 


been most inadequate. The practice of Somerset 
House in this regard has been a serious handicap 
to the introduction of special machine tools. Could 
these be written off in, say, five years, the risks 
attaching to standardisation would be materially 
diminished, as there would be less likelihood of a 
firm finding at the end of such a period that it was 
lumbered up with tools valued highly on its books, 
but owing to changes of methods or design of little 
worth intrinsically. A striking instance of how the 
value of a tool may be affected by a sudden altera- 
tion in conditions, was afforded at a recent sale of 
the plant at one of the National workshops in the 
Birmingham district. Here a shell-banding machine 
which cost 420/. fetched but 10/., being under the 
altered conditions valuable only as scrap. 

The committee, in the report under review, 
observe that many engineering firms are threatened 
with serious financial troubles unless prompt steps 
are taken by the Government to finance payments 
legally due to on account of munitions 
levy and excess profits duties. Under pressure many 
firms have spent vast sums in extensions, exhausting 
in this way not merely their working capital but 
the excess profits earned but not yet paid into the 
Treasury. No doubt the excess profits duty has in 
many cases borne somewhat unfairly, in 
principle there was much to be said for the view that 
those in a position to supply the abnormal demand 
of the nation for certain classes of goods, should 
not be permitted to exploit the situation. So far 
as the capitalist was concerned, this end was 
secured in a rough and ready fashion by the tax in 
question, but no statesman has been bold enough to 
propose a similar tax on the excess profits of the 
workmen, which in the aggregate, of course, far 
exceeded those of the shareholders. 

The committee express the opinion that the tax 
should now be abandoned. If maintained it will 
certainly constitute a premium on bad or indifferent 
management of industrial undertakings. The work- 
man who, when called upon to pay income-tax for 
the first time, avowed that in future he would keep 
his earnings below the limit for exemption, will 
undoubtedly have imitators amongst works pro- 
prietors, if the excess profits tax be maintained. 

A reform which would go far to meet the situation, 
both as regards excess profits and allowances for the 
obsolescence of machinery, would be to levy income- 
tax on dividends only. Receipts ploughed back 
into the business for extensions or for improvements 
of plant would thus come up for taxation only when 
they began in their turn to yield a dividend. The 
stimulus to improvement thus afforded could in 
the ultimate bring more into the Treasury than 
would be received by a continuance in the short- 
sighted policy of the past. The task of assessors 
would be simplified, though this consideration will 
hardly commend the plan to the Treasury in view 
of the circumstance that the natural corollary 
would be a reduction in the staff—a measure never 
popular in any department of the Civil Service. 

The committee urge that Government departments: 
should specify standard goods wherever possible. 
As matters stand, not only engineers in official 
positions, but many consultants insist on departures 
from standard models, which are changes without 
being improvements. Cfficial specifications, more-. 
over, have generally been prepared without any 
regard to questions of manufacturing convenience. | 
There is a strong suspicion that this practice has 
been deliberately encouraged by certain firms on 
the War Office and Admiralty liste. Having 
equipped themselves with plant specially designed 
to cope with difficulties attaching to these official 
fads, these firms were by no means anxious for 
simplifications which would havé had the effect of 
augmenting the number of their competitors. Such 
firms will hardly welcome the recommendation of 
the committee that before final issue all Government 
specifications and designs should be submitted to a 
committee of experts in. workshop processes. 





ELECTRIC ARCS. 
Etecrric-arc problems take us back to the 
infancy of electric illumination. One might think 
that the studies of Mrs. Ayrton, W. Duddell.and’ 





others in this country, and the not less distinguished! 
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researches conducted elsewhere, had fairly settled 
those problems. The two lectures on “ The Study 
of Electric Arcs and their Applications,” which 
Professor J. C. MacGregor-Morris, M.1.E.E., of the 
East London College, delivered on the first two 
Tuesdays of this month, at the Royal Institution, 
however, do not prove only that a great ‘deal of 
useful work on ares has been done in the last few 
years, but also that a great deal remains to be done. 
Davey, Professor Morris pointed out, saw the first 
arc between two carbon electrodes in 1801; the 
expression “‘ an arch of light,” 4 in. long, was used 
by Davey in describing his experiments with a 
powerful battery in 1808—others had been working 
on the same lines meanwhile ;. when ‘the term arc 
was substituted for arch, Professor Morris could 
not say. Sending strong discharges through an 
induction apparatus with electrodes of brass or 
carbon, he showed that the spark colour depended 
on the atmosphere, the arc colour on the material of 
the electrodes. When the colours were referred to 
a colour diagram—a triangle, the corners of which 
were marked red, green, blue respectively— 
the Hefner (amyl acetate) lamp appeared the 
least blue, whilst the carbon filament, the Wels- 
bach burner, metal filament, afternoon sun and 
mercury arc were approaching the blue corner more 
and more. Thrown on a screen the arc appeared 
as a bluish vapour column surrounded by a 
greenish halo, which was formed by the products 
of combustion. 

As regards volt-ampere characteristics of arcs, 
Professor Morris gave a table of Mrs. Ayrton’s 
formula for the carbon arc in air and of the formule 
of W. Grotrian for metal arcs in various gases, the 
latter not in Grotrian’s own form, however, but as 
modified by Morris. Mrs. Ayrton’s formula was: 
é = 38°88 + 2-074 ' + 0:54 L/I + 11°66/I (e being 
the electromotive force, 1 and /' the length and 
corrected length, and I the current); Grotrian- 
Morris formule for iron in air or nitrogen: e = 62 + 
11-41 + 32-6 U/I, and in hydrogen e = 2907 + 
222 1/1 + 180/I. Grotrian himself (Annalen der 
Physik, 47, pages 141 to 196, 1915), we may mention, 
wrote his formuls in a different way, for the arc in 
hydrogen, ¢.g., 180 + 2221+ 290 I. Grotrian 
accepted Mrs. Ayrton’s type of formula for all cases 
in which a sharply-defined band can be seen in the 
centre of the arc ; he found that band missing, e.g., in 
arcs burning in water vapour at low current intensity. 
What one would like to see at a glance from such for- 
mulg, to make them directly comparable if possible, is 
the absolute term, independent of the arc length ; 
in the formula of Professor Morris the absolute term 
for the hydrogen arc is missing; the term 290 / 
indicates, however, that the arc consumes much 
power in hydrogen, six times as much in fact, as in 
air under similar conditions; the hydrogen arc 
yields also a much higher temperature, hence 
Grotrian had to use iron rods, 3 cm. in thickness, 
to prevent their melting. He experimented with 
arcs up to 50 cm, in length, on the lines of the long 
arcs (metres in length) which Schonherr introduced 
in 1909 for the oxidation of nitrogen, sending an 
ascending spiral current of air (or other gas) up a 
tube to keep the arc steady. Grotrian, as Professor 
Morris mentioned, also determined the anode and 
kathode drop of potential and the potential gradient 
along the arcs which he found uniform in the are 
proper. In flame arcs the main drop, about 33 per 
cent., occurred at the anode; there was a drop of 
about 25 per cent. at the kathode, and the rest down 
thecolumn. Taking the drop with carbon electrodes 
(Mrs. Ayrton’s formula) at 38-88 volts, the least 
drops were observed. with electrodes of silver 
(14'2) and iron (15-7), copper giving 21°34 volts, 
platinum 24°3 volts. According to Grotrian the 
characteristic of the arc was little influenced by the 
nature of the electrodes, but strongly by the nature 
of the gas (N, O, air, H, water vapour, CQ,). 

The oscillograph, Professor Morris proceeded, 
afforded much more convenient means of study- 
ing arc characteristics than the early direct 
volt and ampere measurements, with which one 
might have to wait a long time for steady 
conditions ; hissing ares did not give concordant 
results. One of his experiments was a novel way 
of ifying that parallel currents attract one 
another: Two wiré loops were suspended from the 





same.carbon; the lower ends of the loops-drifted 
together os the current was turned on: Professor 
Morris demonstrated the~ etic blowpi 
effects. The arc was thrown for onan. 
strong electro-magnetic field was excited ; not only 
the bluish arc, but also the greenish aureole were 
blown to the right or left, and even the spherules 
of fused salts and carbon falling from the positive 
pole upon the negative were hurled away as if by 
a strong blast. When the arc was alternating (and 
humming, therefore), the electromagnet seemed to 
divide the arc horizontally, and to deflect it both 
ways. The experiments, Professor Morris remarked, 
required further elucidation ; one did not see why 
the combustion gas in the green aureole should be 
deflected ; he did not speak of the fused spherules. 
That the arc adhered to the negative pole whilst it 
could easily be detached from the positive pole, he 
continued, had been shown by Steinmetz, who 
approached a third positive or negative electrode 
to the arc and thus succeeded in transferring the 
positive end of the arc to the third electrode, but 
failed to accomplish that with the negative electrode. 
Professor Morris himself and Captain Mallett have 
recently investigated this problem with the aid of 
a T-electrode of carbon. When the upper negative 
carbon was a rod, the lower positive a T, the arc, 
deflected (by the electromagnetic field) to the right 
or left, curved, but remained attached to the 
bar of the T, increasing in length when further 
deflected. The arc thus behaved like a piece of 
rubber; it. was stretched by the electromagnetic 
force deflecting it, yet it had a certain elasticity or 
tension in it which tended to shorten and to pull 
it back again. Experimenting with are currents 
of 6 amperes at 240 volts, they had found that this 
force was of the order of a few dynes, there being a 
push on the anode and about three times that 
push on the kathode ; the figures exhibited showed 
forces up to 13-7 dynes, but these forces were greater 
in hissing arcs, the lecturer added. Something of 
this kind was noticed in the mercury pool of a 
mercury-arc lamp; there was a depression in the 
centre, and the unsteady are wandered off to the 
edge. In ing these determinations Professor 
Morris attached the lower electrode of the enclosed 
arc to a balance beam. He mentioned also similar 
experiments by M. La Rosa, and that Professor 
Dewar had years ago observed that there was, 
within the arc, an increased gas pressure of about 
1 mm. of water; Dewar had not followed that point 
up, however. 

When experiments were made with alternating 
arcs, and a stroboscopic slit disc was turned in 
front of the arc, at a rate such that two consecutive 
holes appeared ,}, second apart with currents of 
83 periods, the crests or hollows of the alternating 
current waves could be observed, Professor Morris 
demonstrated, and it could then be seen that the 
light started from the positive pole and came back 
to it from the negative. As the speed of the disc 
was varied, the one or the other pole looked bright. 
When the electromagnet or blow pipe was turned on, 
the blue arc was seen on the right, ¢.g., the green 
halo further out on the right, while the ghost of the 
green halo of the last deflection was still noticeable 
on the left. That the arc itself was slowly rotating 
under certain conditions had first been observed 
by Mr. Trotter. In that case the negative end of 
the arc held on, the positive rotating, and the 
rotation was only distinct when the arc was emitting 
a musical sound. Part of this phenomenon at any 
rate was demonstrated by Professor Morris by plac- 
ing a loud-speaking telephone in circuit with the 
arc; the carbons were drawn too far apart first to 
hiss, and that gave a roar in the telephone; when the 
arc was shortened, a musical sound was momen- 
tarily heard ; during that period, Professor Morris 
explained, the rotation could be observed. That 
the are column was not continuous, but stratified 
horizontally and broken up into patches of lumi- 
nosity was explained with the aid of instantaneous 
photographs (exposutes of ;}, second) due to W. 
Frey and to M. La Rosa. 4. 

Passing to some modern apparatus, Professor 
Morris first referred to the mereury arc converter. 
It consisted of a glass vessel ; the lower portion was 

: iry pool; two lateral extensions in the 


a& mercury 
middle contained two carbon electredes,..C, C,, 
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axially opposite one another; the upper tubular 
portion served as condenser for the mercury. C, 
and C, were connected with the terminals of an 
alternating current coil, the middle point of which 
was joined to a continuous current source ; a small 
mercury nest close to the pool was separately 
joined to the one alternating terminal through a 
resistance. Ares stretched over to the pool, the 
kathode, alternatively from C, or from C,, the 
small nest serving as starting device. The photo- 
graph displayed exemplified this alternating arc 
play, and showed also that the two arcs may over- 
lap; the converter would stop acting, the lecturer 
remarked, if the kathode were cooled. The second 
apparatus demonstrated was the pointolite lamp, 
which we have described ; Professor Morris mainly 
referred to it in order to show the importance of the 
negative electrode. There was a little bead or 
ball of tungsten, 0-1 in diameter, mounted on a 
bimetallic arm (which bent when warm); near the 
ball were fixed a wire coil and rod covered with an 
oxide which, when heated by the current, ionised the 
inert gas in the bulb sufficiently to start the arc be- 
tween the bead, the kathode, and the rod. For every 
powerful lamp (over 100 candles) there was further 
mounted in the lamp a rhombic disc of tungsten ; 
when the current was started as just described and 
the bead was glowing, the current was switched over 
so as to make the bead the anode and the disc the 
new: kathode; the disc then began to glow. Sus- 
pending one of the lamps (without disc) downwards, 
Professor Morris showed that with increasing current 
the tungsten bead could almost be seen to fuse. 

In his third application Professor Morris referred 
to the experiments recently conducted by the late 
Mr. J. F. Forrest and himself on the use of the are 
for light standardisation. They had first tried to 
surround a positive carbon rod by a negative tube ; 
that device might have answered if they had re- 
versed their polarity so that the negative end of the 
are would be able to adhere to the central rod. 
Then they had placed the tube in front of the rod, 
but the tube had become filled with fumes. They 
had also inclined two rods to one another, and turned 
the one about its longitudinal axis. They had 
finally mounted three carbons in the same hori- 
zontal plane, so as to form a Y, the stem being 
positive, the two arms negative. The device was 
mounted in a closed iron case, and an image of the 
positive crater (seen endways) was thrown on a 
screen in front of the box, being produced by a small 
lens; a pin hole and a mirror further showed the 
plan of the carbons on the screen so that the experi- 
menter knew how his carbons were adjusted. The 
rotation of the arc could be seen by watching the 
disc, and photographs of it disclosed want of homo- 
geneity in the carbons. For photometric measure- 
ments the light of the crater through a 
stop (a hole in a brass plate) out of the box and on 
to a photometer; the area of that hole, about a 
square millimetre, had, of course, to be determined 
very exactly, and there might be trouble with 
diffraction. Otherwise the arrangement was very 
simple ; current measurements were not required ; 
the experimenter merely adjusted his arc until 
all hissing ceased. The figures shown by Professor 
Morris were certainly concordant, and from these it 
would follow that the positive crater has a brilliancy 
of 173 candle-power per square millimetre. There 
is thus hope that the electric arc may be utilised for 
standardising. Other estimates gave the intrinsic 
brilliancy of the carbon crater as 111,000 candles 
per square inch (which would agree with 173 
candles per square millimetre), that of melting 
tungsten as 46,500 candle, and the following other 
candle powers: carbon filament, 381 to 420; 
Nernst lamp, 2,150; tungsten filaments, 1,000; 
half-watt lamp, 5,000; tungsten arc, 12,900. 
Estimates of the brilliancy of the novel types of 
— were not yet available, the lecturer 
said. 

We should like to add one remark to this brief 
account of Professor MacGregor-Morris’s lectures. 
In demonstrating the deflection of the arc by the 
magnetic field, he did not draw attention to the fact 
that the molten spherules of carbon and salt 
impurities in the carbon were also hurled away, 
almost in horizontal paths sometimes; and when 
he said that the phenomena required further 
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elucidation, he merely referred to the halo of gases. 
It is surprising that the electric blowpipe, which has 
been used for a good many years, is still so obscure 
a problem with respect to the arc. The are itself 
consists probably of carbon ions, the vapours in the 
halo—which is sometimes absent, by the way, and 
need not always consist of combustion products— 
may be ionised, and that might also apply to the 
salts in the fused beads dropping from the positive 
electrode. Yet the force with which the spherules 
seem to be hurled away is surprising. Thermoionic 
currents have been much discussed of late; one 
can only wonder that the electric arc has not 
been particularly studied from that point of view. 
Grotrian attempted to explain his observations of 
arcs burning in various gases on the ground of 
ionisation by collisions; perhaps he was not 

uainted with the work on thermoionic emission 
which seems to afford an easier explanation. 





LIGHT EMISSION FROM GASES. 

Waite ordinary glow lamps are submitted to 
high-tension high-frequency discharges for the 
purpose of testing the vacua, nitrogen-filled half- 
watt lamps are examined by similar methods 
with the object of testing the purity of the gas 
charge. In Tesla-fields the internal wall of a 
bulb charged with nitrogen or with a mixture of 
nitrogen and argon displays a bluish phosphorescence 
which vanishes in the presence of traces of oxygen, 
hydrogen and carbon monoxide, and the colour of 
the electric discharge is also sensitive to the presence 
of impurities. Investigating in this connection 
the spectra of pure gases and of gas mixtures in 
discharge bulbs of special type, Dr. L. Hamburger 
made, in the glow lamp works of Messrs. Philips, 
of Eindhoven, Netherlands, use of a photographic 
method for determining the intensities of the lines 
under varying conditions of current density, gas 
pressure, &c. He works with continuous currents 
of relatively high density, mostly at pressures of 
about 1 mm. of mercury, and with apparatus of 
quartz or uviol glass of such a construction that he 
can study the phenomena both with the gases at 
rest and with the gases kept in continuous circula- 
tion at steady gas pressure by the aid of a pump. 
His account (Zeitschrift fir Wissenschaftliche 
Photographie und Photophysik, August, 1918, pages 
1 to 44) does not describe the apparstus in detail 
and pays more attention to theoretical features 
than to technical matters, referring to his disserta- 
tion published at Delft in 1917. But some of his 
observations are very interesting. 

Passing strong currents, ¢.g., of 292 milliamperes 
(7 amperes per square centimetre), through pure 
nitrogen, he observed that the gas pressure changed 
while the current was flowing; a gas pressure of 
originally 0-76 mm. of mercury decreased to 
0.67 mm. on the kathode side and rose to 0°95 mm. 
on the anode side, returning to 0-76 mm. after 
breaking the circuit. Considering that the elec- 
trodes—a Wehnelt kathode with a speck of barium 
oxide or a tungsten spiral were used—became 
decidedly hot; the change is curious, and it looks 
as if the electrons carried gaseous molecules with 
them from the anode to the kathode. The effect 
was still observable at a gas pressure of 0-089 mm. 
Much weaker effects of this kind had been observed 
by Stark and others. In hydrogen there was less 
evidence of this pressure change; but attention is 
drawn to one feature, which is mostly overlooked, 
namely, that the hydrogen reduces the surface 
layer of the barium oxide and thus introduces water 
vapour into the pure gas. The different lines on 
the blue and red of the argon spectrum were differ- 
ently influenced by changes in the discharge con- 
ditions; but traces of nitrogen did not further 
complicate these phenomena. The various helium 
lines likewise were affected to different degrees by 
the conditions of the discharge. In all the pure 
gases the intensity maximum of the light shifted 
more towards the violet with decreasing gas pressure. 
As regards gas mixtures Hamburger examined first 
mixtures of gases indifferent to one another. 
From mixtures of argon and nitrogen, nitrogen was 
absorbed by aluminium anodes. The efficiency of 
the neon light was much decreased by the presence 


whiter light than neon alone, but the energy con- 
sumption was higher. Argon containing mercury 
vapour showed the mercury spectrum strongly, 
but the intensity of the argon spectrum was 
little diminished. We will presently revert to 
this point. On the whole there is not much 
novelty in these observations of inert gas mixtures 
except that Hamburger gives photographic intensity 
measurements. With respect to nit and 
hydrogen he finds direct evidence of an absorption 
band at wave-length 3360 Angstrém units which 
is absent from the spectra of nitrogen, of h 

and of mixtures of these two gases with other 
indifferent gases and which may therefore. be 
ascribed to ammonia. Such a band had been 
observed by Eder in the ammonia-oxygen flame, 
but there was considerable doubt whether the 
so-called ammonia bands were not really due to 
some oxygen compound of nitrogen. Experi- 
menting at high-current densities (12 amperes 

r square centimetre) in cooled capillary tabes 

burger also obtained fairly satisfactory yields 
of synthetic ammonia by sending the current through 
mixtures of nitrogen and hydrogen; the yields 
were considerably better than any previously 
secured by similar methods, but hardly promising. 

We come back to gas mixtures. Ramsay and 
Collie observed as early as 1896 that traces of 
argon are easily discovered by the spectroscope in 
helium, whilst the helium lines become, in mixtures 
of the two gases, only visible when helium is added 
in considerable percentages. That in many cases 
the spectrum of a gas mixture is not represented by 
the sum of the spectra of the constituents is fairly 
well established. It is a point that complicates 
solar and cosmic spectroscopy, and which is not 
sufficiently heeded in many researches and in 
technical spectrum analyses. Gehlhoff noticed 
in 1911 that mercury vapour at a partial pressure of 
0.001 mm. suppresses the helium spectrum almost 
completely ; the presence of alkali metals weakens 
the spectra of hydrogen and nitrogen very much. 
To account for such phenomena J. Stark suggested 
in 1904 that the lines of that gas will predominate 
which has the lowest ionisation potential. This 
argument seemed much strengthened when Franck 
and Hertz in 1913 made the signal discovery that. 
when the potential gradient is gradually raised to 
4-9 volts in mercury vapour, an unknown single- 
line spectrum of } 2536 A.U. suddenly bursts out. 
The mercury vapour, they argued, so far a non- 
conductor, then conducts the current and must 
hence be ionised, and the energy required for this 
ionisation exactly corresponds with the relation 
Ve = hy of the quantum theory ; where V indicated 
the potential in volts, e the charge, h Planck's 
constant, and » the frequency. When an electron 
colliding with a gas molecule has not sufficient 
erergy to ionise the molecule, the electron is 
reflected with a loss of energy, which is zero for 
the indifferent gases, but which increases with the 
electronic affinity of the gas ; electronegative gases, 
like oxygen and chloride, have a strong affinity. 
Repeated collisions may go on without loss of 
energy ; on the other hand, kinetic energy may be 
acquired on several free paths, and the energy may 
increase sufficiently to produce ionisation. Ham- 
burger now argues that, when the gas pressure is 
reduced, the free paths of the molecules become 
longer, more energy can be acquired by collisions, 
and that would explain why his intensity maxima 
shifted, with diminished gas pressure, further into 
the ultra-violet. The phenomena would be some- 
what similar asin F. Skaupy’s sifting of gas mixtures 
by the continuous-current discharge; the more 
easily ionised gas, ¢.g., neon (ionisation potential 
3-5 volts) travels to the kathode, the less easily- 
ionised argon (12 volts) to the anode, and a separa- 
tion of the two gases is thus effected. 

There are, however, serious objections to all these 
arguments. Single-line spectra have been produced 
by McLennan and others by kathode bombardment 
of zinc, magnesium, &c. But on Bohr’s theory— 
which is still practically the only one in the field— 
the whole spectrum, not merely a single line, should 
appear on ionisation, and one does not understand, 
moreover, why an ultra-violet mercury line which 
requires more energy for its excitation than the 





of nitrogen ; mixtures of neon and helium gave a 


green and red lines, should first make its appearance. 
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It has been suggested that the first ionisation of 
Franck is the result of a photo-electric radiation, 
and not a real direct ionisation which requires the 
are and in mercury 10-4 volts. But Millikan and 
Hebb, and later McLennan too, found that the 
mercury are could be produced at 2-5 volts, and 
the sodium and potassium arcs at 1-4 volts and 
0-5 volt; in the presence of potassium vapour, 
Hebb (Vancouver) ob-erved the mercury spectrum 
already at 0-5 volt, in fact. The whole matter is 
thus highly controversial. It certainly seems 
strange, however, that in several of the researches 
mentioned the energy is all ascribed to the ptential 
diff ‘rence, though the investigators used Wehnelt 
kathodes or tungsten spirals, which are separately 
heated by battery currents. 





PROTECTION OF VESSELS FROM 
MOORED MINES. 

Ir has long been known in this country that our 
vessels could pass through the enemy minefields, 
but the secret of the device used for that purpose 
was exceedingly well kept. The accompanying 
illustration of the apparatus termed a “ paravane,” 
which has been used by the British Admiralty 
for the protection of all classes of vessels from 
moored mines, have now been passed for publication. 
For the invention of the paravane, we are indebted 
to Commander D. C. Burney, C.M.G., who brought 
it to the notice of the Admiralty in the early part 
of 1915. A special department was immediately 
formed at Portsmouth Dockyard to investigate 
the possibilities of Commander Burney’s ideas, 
and the present type of apparatus, which has proved 
satisfactory under all working conditions, was the 
result. 

The illustration, Fig. 1, gives an excellent view of 
the paravane stowed in the chocks of the rotary davit 
with all preparations for launching. It will be 
observed that it consists essentially of four parts, 
viz.: (1) A steel torpedo-shaped body providing 
the necessary buoyancy for supporting the device 
and its wire rope attachment to the vessel. (2) A 
conical tail with horizontal and vertical stabilising 
fins, and a rudder controlled by a secret mechanism 
to ensure the paravane running at a pre-determined 
depth. (3) A cambered steel plane connected to 
the body by means of a lightened plate tow frame, 
the dimensions and angle of incidence of the plane 
being determined by the speed of the towing vessel 
and the minimum outward thrust necessary to 
ensure the mine, when severed from the mooring 
rope, coming to the surface at a safe distance from 
the hull of the ship. (4) A _ specially-designed 
bracket of considerable strength carrying two 
removable cutter blades of high-quality steel, to 
withstand the severing, in rapid succession, of the 
lin. to 1} in. steel wire rope usually fitted between 
the mine and its sinker without suffering appre- 
ciable injury. This bracket is at ached to the tow 
frame on the opposite side to that of the plane. 
Connection to the ship is made by means of a steel 
wire rope specially constructed as regards form 
and material, as the preliminary tests showed that 
steel wire rope of the usual quality was very 
resistful in form and the material deteriorated 
rapidly under the excessive vibration experienced 
when the paravane is towed by a high-speed vessel. 

The complete installation for a ship comprises 
two such units, each towed by a special cable 
as mentioned above from the bows of the ship, one 
cable on the port, and one on the starboard side, 
the whole forming, roughly, a huge V or wedge 
shape with the bow of the ship as apex. The 
combination of plane and torpedo body must be 
such that the outward thrust on the plane bears 
a definite ratio to the head resistance of the body, 
so that the form taken up by the wire admits of the 
mine-mooring rope readily sliding along the towing 
wire to the cutter blades in the head of the paravane. 
The apparatus is set to tow at a depth of about 
3 ft. or 4 ft. below the level of the keel, and this 
depth is approximately maintained at all speeds of 
the vessel. The importance of constant depth 
running is readily seen as the safety of the ship 
is endangered by any appreciable upward movement 
of the towing wire attached to the paravane through 
the mines passing under and striking the ship. On 
the other hand, appreciable downward movement 
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Fie. 2. THe “ PaRAvANE” 


might cause the destruction of the paravane by its 
striking the bottom in shallow waters. This 
necessitated very careful design and great accuracy 
in manufacture, in both of which the results were 
such that the amplitude of oscillation of the paravane 
rarely exceeds 2 ft. to 3 ft. each side of the set depth. 

All the difficulties of the problem of protecting 
vessels from mines were not surmounted with the 
successful design of the paravane. The form of 
the bows differed with the various types of ships, 
and considerable thought was required to arrive at 
some satisfactory arrangement for securing the inner 
end of the towing wire to the hull under all working 
conditions and in heavy seas. In vessels under 
construction the stem was modified, and a very 
efficient arrangement obtained with the minimum 
amount of additional work for the crew of the 
vessel. In completed vessels the type of fitting 
depended largely on the cut-away of the bow, and 
this, in addition to the danger of attachments 
collapsing under the heavy seas experienced in 
ocean-going vessels, created a further difficulty, in 
that standardisation and rapidity of manufacture, 
and therefore of installing ships with such fittings 
could be only partially attained at the expense of 














READY FOR LAUNCHING. 


additional weight and cost. In spite of this, nearly 
75 per cent. of the tonnage of Great Britain was 
protected with not a single instance in record of a 
vessel using the device suffering injury from the 
action of mines. 

It must have caused the enemy considerable 
anxiety to find that our ships were passing uninjured 
through his carefully-laid death traps, and it was 
not long before steps were taken to circumvent the 
efficiency of the paravane, but it is satisfactory to 
know that our inventive genius has always kept 
well in advance. Indeed, at the present time one 
type of paravane can successfully sever the heaviest 
chain or wire rope mooring capable of being used 
to anchor any type of mine within practical limits. 








Kruprs at Essen.—As a sign of the reconstruction 
movement in Germany, it is interesting to note an 
advertisement from the firm of Fried Krupp, enumerating 
their various establishmcnts, the cast steel works at 
Essen, the Gruson works at Magdeburg, the Germania 
yard at Kiel, the Friedrich-Alired iron works, Rhein- 
hausen, the steel works Annen-Annen, and the Sayner 
iron works, The firm goes on to state that ot the 
average steel production during the last five peace years 
95-4 per cent. was used in the manufacture of peace 
material and only 4-6 per cent. for war material. 
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AGRICULTURAL ENGINEERING SHOP IN WAR TIME. 





Enotne Erectine Sor or Messrs. MarsHatyt, Sons AnD Co., Liwtrep, GAINsBoROUGH. 


Tue illustration which we give above will be ex- 
amined with interest as indicative of the great 
changes brought about in numbers of our important 
engineering works by the demands of the war. The 


view given is of a portion of the engine erecting shop | 


of Messrs. Marshall, Sons and Co., Limited, of Gains- 
borough. In ordinary times the central area of this 
shop is for the greater part of its length devoted to the 
erection of agricultural engines, steam road rollers, and 
traction engines, the remainder of the length being 
occupied by the erection of stationary engines. The 
side bays and the galleries, which are very wide, are 
filled with machine tools of varied types, those in the 
galleries being chiefly for light work As seen in the 
view referred to, the central area was during the war 
given up to naval gun mountings for torpedo-boat 
destroyers. Altogether 1,°97 nival gun mountings 
were turned out b’ Messrs. Marshall, the record output 
for one month being 123 mountings. 

The engine-erecting shop, however, was by no means 
the only portion of Messrs. Marshall’s works affected by 
the war. Ordinarily the chief output of the firm 
consists of stationary and portable engines, internal- 
combustion engines, threshing machines, tea machinery, 
&c., and their works include a very extensive plant of 
wood-working machinery. During the war their work 
has been of a most varied character, and has included 
the following products: “Tanks” of the infantry 
supply type; aeroplanes, “ Bristol Fighter” type; 
gun mountings for arming merchant ships; naval gun 
mountings for torpedo-boat destroyers; furnaces for 
manufacture of chemicals; distilling apparatus (stills 
and condensers) for making gases for military p ; 
mixing machines for chemical manufacture; cordite 
presses and reeling gears; water-tank carte; limber 
general service wagons; limber R.E. wagons; limber 
wagons; Maltese carts; officers’ mess carte; trench 
pumps; wheels for military carts and wagons; steel 


| wheels for War Office lorries; steel tanks for storage 
| of chemicals at filling factories; trucks for transport 


| in filling factories; 5-ton trucks for traction haulage ; 
| ammunition boxes for howitzer, field gun and small-arm 
ammunition; steel shields for trench warfare; gun 
| shields (various); trench mortar fittings; shells and 
| shell components ; fuses and fuse components; bombs 
| and aerial torpedoes ; battery cell boxes, &c,; steam 
engines, boilers and saw benches for war Lat yee 
This list affords striking evidence of the aid which our 
engineering establishments have been able to afford to 
meet our military requirements during the war. 








Tue Royat Sanitary Instirute.—The Royal 
Sanitary Institute have arranged a conference on “ Post- 
War Developments Relating to Public Health,” to be 
held on March 13, 14 and 15, at which the following 
eubjects wil] be brought forward for discussion: “City 
Hygiene in Relation to Employment”; “ Housing for 
City Clerks and Similar Workers”; “‘ Public Health 
Aspect of Tuberculosis” ; “ Public Health Work and 
Propaganda” ; “‘ Welfare Work in Factories” ; “ Child 
Welfare Work.” 





Deane In Seconp-Hanp Ratiway MATERIALS.— 
The Minister of Munitions has suspended, as from 
the 7th inst., until further notice, the Railway Material 
(Second-Hand) Order, 1916, except in so far as relates 
to wagons of all types. Dealings in second-hand railway 
locomotives, rails, chairs, fishplates, fastenings, jn 
apparatus, sleepers and the like may now take place 
without a permit ; but second-hand wagons of all types 
aro still war matcrial within the terms of Regulation 30a 
of the Defence of the Realm Regulations. 





Assestos Propvuction mm Canapa.—We read in 
Engineering and Mining Journal, New York, that the 
asbestos production of five of the largest shippers in 
Canada during 1917 was 3,708 tons of crude, 50,506 tons 
of fibre, and 3,550 tons of sand. In 1918, the same five 








companies produced 2,896 tons of crude, 74,109 tons of 
fibre and 14,038 tons of sand. The increase in tonnage 
in 1917 over 1916 was 3 per cent., and that of 1918 over 
1917 approximately 2 per cent. The increase in value 
in 1917 over 1916 was 39 per cent., and the value was 
even greater in 1918. Stocks at the mince are depleted, 
and it is believed that higher prices will rule during 
1919. 


Tue Ammonia-ComBusTION Process.—The platinum 
gauze, which serves as catalyst in the combustion of 
ammonia to nitrogen oxide and nitric acid, is very casily 
poisoned by traces of many substances which might be 
considered harmless. It has becn observed, for instance, 
that ammonia prepared from ial ¢ ide may 
give poor Fields of nitrogen oxide NO, and that defect 
has been ascribed to the presence in the ammonia cither 
of acetylene itself (which would be evolved if the 
cyanamide contained some calcium carbide, as it 
frequently does) or of the common impurities of acetylene. 
There are several possible impurities, the hydrides of 
silicon and phosphorus, sulphuretted hydrogen, carbon 
monoxide, nitrogen, oxygen, methane, &c. these, 
Phosphine was under suspicion in the first instance. 
Experimenting in the United States Bureau of Mines 
with @ very pure acetylene (speciall purified) which 
they contaminated with impurities, Guy B. Taylor and 
J. H. Capps found that pure acetylene itself did not 
do any harm ; this conclusion is contrary to the opinion 
previously held. Phosphine PH; first appeared not to do 
any damage either. It was observed, however, that the 
phosphine was decc P d by i into contact 
with the water and the metal of the 
care was taken to bring the PH; ecomposed to 
the platinum gauze, the yield of NO went down decidedly, 
and the figures were in accordance with the statement of 
Brush that 2 parts of phosphine in 100,000,000 parte 
of mixed gas were serious in plant operation: there 
seemed also to be a cumulative bad ¢ffect of the phosphine 
Sulphuretted hydrogen, on the other hand, apprared to 
be in concentrations of 0-07 per cent. Further. 
investigation will be needed ; but it seems certain that 
phosphine is a bad poison, and probably the chief cause 
of the trouble previously attributed to acetylene. 
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INDUSTRIAL NOTES. 

THE labour situation is slight’ 
easier. ere have been no te may ~~ y 
on the contrary, the Clyde men have returned. 
Parliamentary Committee of the Trade Union Congress 
has done useful service in issuing a manifesto to the 
officials and members of the societies associated with the 
Congress, There is a reasoned a for strict discipline, 
with an emphatic declaration unauthorised strikes 
cannot be tolerated in any circumstances. The leaders 
of the trade unions, too, are stiffening their attitude, 
as is evidenced by the fact that the Amalgamated 
Society of Engineers in the Chancery Division secured 
an injunction over Friday, on the ex parte a i 
of the general trustees, in order to restrain the ° 
on-Thames and Acton branches from paying out of 
the funds in their hands maintenance p ove hee in 
connection with any strike which was not sanctioned 
by the society. 

The most serious menace at the moment is that by the 
Miners’ Federation, who, at a conference in Stockport 
on Wednesday, rejected the terms offered by the 
Government, on a ee gar ae of their executive 
and apparently without seri —e the 
situation. The miners’ principal p ne are a 30 per 
cent. addition to wages, a six-hour day, and the 
nationalisation of mines. The Government, after 
carefully ye i hy situation, issued . 
statement on the w uestion, ing with wages, 
hours of labour, demobilisation Doar yo Bs blems. 
The Government offered an immediate advance of 


ls. a day (or 6s. a week), and promised a comprehensive 
inquiry into wages, hours, cost of and the 
present and future organisation of the industry, includ- 
ing schemes for joint control of the mines or nationalisa- 
tion. It is just such public inquiry that is needed to 
clarify the air, and to make the public realise the 
tremendous significance of the miners’ demand and their 
menacing attitude. The executive of the federation 
have now recommended a ballot for or against a strike, 
but the result is unknown at the time of going to press. 
Ther web & Saulibanen ah thn Meeed ak toate olen 
on Wednesday, between the railwaymen’s union and 
the Railway Executive Committee, regarding the 
railway situation. The proceedings were private, and 
. will be continued. The transport workers have also 
had meetings to consider the made by the 
employers’ organisations, but in this case also no 
information is available regarding the situation. 


The following two notes are taken from the February 
issue of The Federationist, the official organ of the 
General Federation of Trade Unions :— 

The fear of unemployment is being used by the 
extremists to create unemployment. This is only 
their primary object. Their ultimate object is to 
provoke a revolution in this country and to overthrow 
all orderly forms of society. The workman who thinks 
will not be influenced by their propaganda. He knows 
that one of the fundamental causes of unemployment 
is lack of confidence. Employment is conditional 
upon the sale of commodities or the prospective sale 
of commodities, and if there is no sale or no prospect of 
sale, then neither men nor women can find employment, 
remunerative or otherwise. Every threat of a stupid 
strike tends to diminish confidence and to prevent 
those who have charge of production and export taking 
any steps to develop industry and commerce. 

To-day in Britain we need at least 500,000 new 
houses. No man in his senses attempts to build houses, 
because the building is sure to involve trouble and 
may involve financial loss. I (Mr. W. A. Appleton) 
was asked the other day if, in the event of a man 
starting to build 100 workmen’s houses, he could be 
guaranteed against strikes or ‘“‘ca canny.” I had to 
answer that in the present chaotic condition of human 
thought, no guarantees could be given. 

In the meantime, men and women and children 
suffer because of the inadequacy of the housing 
accommodation. 

It is often said that supply begets demand. This 
is undoubtedly true in some of commerce, 
and unless workmen refuse to follow the dictation of 
2 per cent. or 3 per cent. of their number who desire 
to hold up industry on trivial grounds, they will be 
faced with loss of markets, particularly overseas 
markets, and loss of that employment without which 
they cannot live. 

It is absurd to expect that Governments can for any 
lengthened period subsidise unemployed labour. The 
best way to avoid catastrophe and starvation is for 
every man and every woman to look facts squarely in 
the .face, and to commence peace-time production 
with the least — delay. During the process they 
can safeguard their vital interests, but to strike because 
someone feels that he has been harshly spoken to, 
or in obedience to the commands of a minority which 
has ulterior motives, is to invite trouble for themselves 
and for their children. 





In a letter to The Times, dated from the House of 
Commons, the 6th inst., Mr. Kennedy Jones says that 
two or three years before the war, Sir George Askwith, 
then Chief Industrial Commissioner of the Board of 
Trade, was sent to Canada to ascertain how they faced 
there the problems of rer oe labour unrest. 
Mr. Jones calls attention to ’s report, and 
says that the earliest experiment in Canada was made 
with the railways by an Act which gave to the Govern- 
ment the power to refer any labour differences to a 
Board of Conciliation, and ing this to a Board of 
Arbitration, the former having the limited powers of 
offering friendly offices, and the latter enjoying the 
right to recommend terms of settlement, though these 
were not enforceable by law. This measure—the 
Railway Labour Disputes Act, 1903—was successful 
in so far as it brought the railway men’s leaders “ to 
recognise that the holding up of the railway system 
by a strike was a procedure only justifiable as a last 
resort, and that it was due to the public that every 
— step should be taken to arrive at a settlement 

‘ore recourse was had to a strike as a means 
adjusting differences.” The “spirit of the Act” was 
“frankly accepted,” and the “ actual results of the 
policy to both workmen and employers have been 
advantageous.” 

Encouraged by this, the Government of Canada 
then passed the so-called Lemieux Act, the “ Industrial 
Disputes Investigation Act, 1907,” whose simple 

“* was to ensure the recognition of the interests 
of the public as a third y in trade disputes, and 
with the insistence that that third party, the 
Government, should have a voice in regard to a dispute 
affecting their interests before a sto of work 
takes .” The actual interference with the people 


Sig <n eenge bem 

1. Industries whose uninterru continuance is 

of high im; ce to the well-being of the nation 

(mining, railways, shipping and other public utilities) ; 
d 


an 

2. A brief suspension of the right to stop as distinct 
from a complete prohibition of stoppage. 

Under the Act disputes in connection with the 
industries named are submitted to a Board of Con- 
ciliation and Investigation, with a view to arriving 
at a settlement before a strike or lock-out can be 
legally brought about. At least 30 days’ notice of 
any change affecting conditions of employment, wages, 
or hours must be given, and, pending the i 
before a Board of Investigation, to be appointed by the 
Minister of Labour, the relations of the parties must 
remain unchanged under personal penalisation of those 
who act otherwise. Although the finding of the Board 
can be rejected by either the employers or the workers, 
a pacific settlement is usually reached, and to this end 
time for reflection, discussion, official advice and 
publicity combine to help. 

No one would say that the Act pleases every one, 
or that the outcome is invariably pacific, but at all 
events it has made strikes fewer and has educated 
opinion. Sir George Askwith then saw no reason 
why, with certain modifications, it could not be adapted 
to the conditions in this country. 

Mr. Jones finally quotes one other passage from 
Sir George Askwith’s report—its truth is as great now 
as it was then: “Carried to its logical conclusion, 
the claim to cease work at a moment’s notice, if acted 
upon, would make business impossible, and in a civilised 
community business must be made possible. It is, 
therefore, not unreasonable for the community to say 
both to employers and workmen: If you desire to 
engage in this or that business under the protection of 
our laws, you can only do so under certain conditions, 
one of which is that, before bringing about a cessation 
of work which may seriously jeopardise the public 
well-being, certain notice must be given.” 


With reference to our statement on page 184 anle, 
concerning Messrs. Yarrow’s scheme for transferring 
their engineering and shipbuilding activity ually 
from the Clyde to their Vancouver establishment, 
one of the directors of the firm is reported to have 
stated, in the course of an interview, that one con- 
sideration which had influenced their decision was that 
American workmen handled twice as much material as 
a corresponding number of men did in this country. 
The transport facilities were also satisfactory and costs 
quite: low. They could get delivery on the Clyde of 
steel plates and angles made in America at a price 
which compared favourably with that of steel plates and 

made at M 4 

e spirit of labour throughout the United Kingdom 

as a whole was another consideration. In America 
everybody wanted to do as much as he could, and he 
was allowed to do it, whilst the feeling in this country 
was that a man should do as little as he could and 
eto Bap, Re renbee tres wane ements = ne 
ven if a man wanted to do his best, others would not 
let him. The doctrine of the restriction of output 
was a hopeless kind of doctrine, but it was regarded 









schemes for the vocational training 
soldiers and sailors, of civil war workers of either sex, 
and of women who are being discharged from the 
various auxiliary corps, 

over from the Ministry of Pensions the training of 
of | disabled men, with the exception of those who require 






by men in this country as though it were an article of 
religion. They believed in the doctrine that to restrict 
. 7 was to spread employment. 

Minister of Labour has stated that in view of 


the importance of providing industrial such 
as is required sh numbers of the deensbilined 


Forces, and civilian war workers, 
who are being set free from their war occupations, the 
Government have decided to set up a special depart- 
ment of the Ministry of Labour to deal entirely with 
uestions of industrial ini The Minister of 
bour has appointed Mr. James Currie, C.M.G., 


fi Director of the Munitions i Section 
of the Labour Ba ly Department of the istry of 
new 


Munitions, Con of the 
This t will not only administer various 
i of discharged 


but will, in due course, take 


Representatives of the trade unions and employers 
will be consulted in regard to the proposed systems of 
training so as to receive their advice and co-operation in 
the work of the department. Arrangements are also 
ag made to ensure the interest of local authorities 
in all training work. 


The Minister of Labour announces that certain 
cases have been brought to his notice in which difficu!ty 
or uncertainty has arisen as to the course which ought 
to be followed in regard to giving priority of employ- 
ment to fully-skilled men over “ dilutees,”’ i.¢., workers 
who have during the war been introduced to perform 
a class of work upon which, before the war, their intro- 
duction would have been contrary to the rule, practice 
or custom obtaining in the trade or establishment 
concerned. The question is largely, if not entirely. 
one of restoration of pre-war practices on which a Joint 
Committee representing both employers and trade 
unions was set up last November to advise the Govern- 
ment. This committee has met frequently, both 
separately in their respective panels of employers and 
trade union members and jointly as a single committee. 
They have also met and conferred with the Minister 
of Labour on several occasions. As a result, it is 
hoped that they will shortly be in a position to make 
agreed and comprehensive recommendations to the 
Government, but in the meantime, after consultation 
with the committee, the Minister of Labour desires 
to lay down the following general principles for the 
guidance of employers in dealing with questions 
affecting priority of employment and discharge as 
between skilled men and “ dilutees ” :— 

1, Where two workers are employed in the same 
department and on the same class of work, one a skilled 
man and the other a dilutee, and one must be discharged, 
the dilutee should go. 

2. If a skilled man is unemployed (whether as a 
result of discharge from a factory or as a result of 
demobilisation) and presents himself for employment 
at a factory where dilutees are employed in the trade 
in which the applicant is skilled, he is entitled to claim 
engagement and should not be refused employment at 
his trade on the ground that there are no vacancies, 
and that his engagement would involve the discharge 
of a dilutee. 

3. Where, in a single establishment, there are more 
than one department in which workers engaged on the 
same class of work are employed, and it is necessary 
in one department to discharge workers engaged on that 
class of work, no skilled man should be discharged 
whilst any dilutees working on that class of work in the 
same or any other department are retained. 





Economic Mission to Potanp.—Under the auspices 
of Sir E. Wyldbore Smith, head of the British Section 
of the Commission Internationale de Ravitaillement, and 
in conjunction with the Department of Overseas Trade, 
a Mission left London on the 4th inst. to investigate the 
economic conditions in Poland and to inquire into the 
prospects of British trade with that country. The 
Mission is in charge of Major MacAlpine, who was until 
recently in Russia under General Poole, and includes 
representatives of the Textile Machinery Association and 
the Federation of British Industries, as well as experts 
on mining machinery, transport, and questions of finance 
and labour. The Mission, which has been recommended 


by the Polish National Committee in London to the 
various industrial associations in Poland, will be abroad 
for about two months, and it is anticipated that the 
information secured will be of considerable value to 
British trade. Sir E, Wyldbore Smith is also organising 
a similar Mission to inquire into the conditions in Serbia, 
and this will start operations in the near future: 





ENGINEERING. % 





Fes. 14, 1919. | 





THE LATE PROFESSOR G. CAREY FOSTER, 
F.R.S., J.P. 


Proressorn Carey Foster, we ret to record 
died last Sunday, in his eighty-fourth year. With 
him has away one of the few surviving links 
of the present age with the early days of modern 
electric science and with the laboratory study of 
physics in general. For it was owing to his rts 
that the first physical laboratory of this country, which 
offered to students facilities for experimental work of 
their own, was opened at University College, London, 
in 1867. 

George Carey Foster was born at Sabden, Lancashire, 
in” 1835, the only son of Mr. George Foster, a textile 
manufacturer and a Justice of the Peace for Lancashire 
and the West. Riding of Yorkshire; later on Foster 
himself became a J.P. for the county of Hertfordshire, 
in which he resided. Educated at private schools, he 
proceeded to University College, London, graduated 
as B.A. in his twentieth”year, and then continued his 
studies at ‘the Universities of Ghent, Paris and Heidel- 
berg under the distinguished professors of that time. 
His chief study was chemistry at first, and he became 
a Fellow of the Chemical Society in 1856; he served 
for several.,periods on the council of that society 
afterwards, and was a vice-president in 1888 to 1892. 
He investigated: the constitution of narcotine and 
piperic acid and drew up reports on chemical nomen- 
clature and on the state of organic chemistry for the 
British Association. But physics attracted him more 
than chemistry, and his main activity was the teaching 
of physics. . An article on heat, contributed to Watt's 
“ Dictionary of Chemistry,” drew attention to his wide 
range of knowledge. In 1862 he was appointed Ward 


Professor of Natural Philosophy in Anderson’s College, | mad 


Glasgow, and by 1865 he was Professor of Physics in his 
old college, University College, London. When he 
vacated this chair, which he occupied after Graham, 
during the days of Williamson and Ramsay, he was 
elected Principal of University College; in 1904 he 
retired: The Atheneum Club received him as a dis- 
tinguished scientist. 

Carey Foster was one of the original founders of 
the Physical Society of London, which held its first 
meeting in March, 1873, and was president of that 
society in 1877 to 1879. A year later he became 
president of the Society of Telegraph Engineers, for 
the period 1880 to 1882. In the years 1898 to 1904 he 
was also honorary treasurer of the British Association, 
in which appointment Professor John Perry succeeded 
him. His “ Elements of Electricity and etism ” 
appeared in 1896. To the Society of Telegra 
Engineers (Institution of Electrical Engineers) he 
contributed several papers on measurements, especially 
on the measurement of small resistances and in- 
ductances; the bridge arrangement which he devised 
for this purpose is still known under his name, and 
was in quite recent years selected by Mr. A. Campbell 
at the National Physical Laboratory for his deter- 
mination of inductance. Other papers of his, published 
in The Philosophical Magazine or presented to learned 
societies, concerned the Siemens pyrometer, absolute 
electric units, graphic methods of solving electric 
problems and the relations between mathematics and 
physics. 

Always. kindly, courtly, and a man of the strictest 
rectitude. and of true modesty, yet diffident, reserved, 
not to say shy, Professor Carey Foster was revered by 
all who came in contact with him, but was not widely 
known. In some of the sterling features of his 
character he reminds one of J. H. Gladstone, the 
chemist, and Robert Kaye Gray, the electrical 
engineer, the latter of whom was not spared long, 
unfortunately. Dr. Carey Foster—he was a D.Sc. 
of Manchester and an LL.D. of Glasgow—kept hale 
almost to-the last, spending most of his time in his home 
at Ladywalk, near Rickmansworth. It was more old 
age than the bronchial affection of his last days which 
carried him away. He had lost his wife, Mary Anne, 
daughter of the late Mr. Andrew Muir, of Rosebank, 
Greenock, in 1917.. He leaves four sons and four 
daughters, the eldest of whom is married to Mr. 
T. Roger Smith, electrical engineer to the Great 
Western Railway. The funeral is to take place this 
aftérnoon at Rickmansworth. 





Now-Frrrovs Metats.—In order that the trade may 
know’the position in regard to stocks of the important 
metals, the > me | particulars are published of the 
stocks (excltisive of old metal and s¢rap) in this country 
in the possession of ‘the Minister ‘of Munitions, on 
February 1: Copper, 41,882 tons; spelter, G.O.B., 
23,905 tons; spelter, refined, 7,734 tons; aluminium, 
13,092 tons; soft pig lead, 86,493 tons; nickel, 2,388 
tons; antimony regulus, 3,731 tons. It is intended to 
publish at monthly intervals the stocks held on the 
first day of each month. In addition to the above, the 
Minister holds large quantities of sctap, mainly brass of 
which it is impossible to give any particulars at ‘présent. 


*| famous firm of Pauling and Co., 
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PROCEDURE FOR ORDERING STEEL 
MATERIALS. 


We have received the following communication from 
the Director of Contracts, iralty :— 

With reference to Admiralty Circular Letter dated 
June 25, 1918, respecting the procedure for ordering 
steel materials, the attention of all Admiralty contractors 
and sub-contractors is called to the fact tt the steel 
superintendents in the various districts, who formerly 
controlled the rollings at the steel works, are no longer 
exercising these functions, but their principal duty at 
present is to ensure that, as far as possible, shipbuilding 
and any other urgent Government requirements, including 
merchant shipbuilding, are fully met as a first call on 
the rolling mills. Firms requiring steel may now place 
orders direct with the rolling mills, or through merchants 
or stockholders, as in pre-war days. 

The provisions of the circular above referred to are 
therefore cancelled as from January 31, 1919, but, in 
view of the fact that a large amount of Government work 
is still being executed by firms in this country on a 
“ time and line ” basis, any firm who has such a contract, 
and can show that it has been y to employ a 
merchant who has served a useful p may do so, 
but the commission which will be allowed to the merchant 
or merchants for this service as a ch against the 
Government funds must not exceed a half of 1 per cent. 
on the cost of the steel material supplied. This rate of 
commission has been adopted as that which the Govern- 
ment is prepared to admit as a charge to public funds in 
the exceptional circumstances of the Government con- 
tracts in question, and is not intended to serve as a 
precedent in respect of ordinary commercial business, 
nor to cover any special services or facilities that may be 
mutually agreed ween merchants and shipbuilders 
other than as a charge against Government funds. In 
the case of supplies ex stockholders’ warehouse, the 
additional charge allowed to stockholders by the Ministry 
of Munitions permit, dated November 1, 1918, may be 





e. 

As regards contracts which have been taken on a fixed 

price basis, firms can of course make their own - 

ments and obtain the steel required either from the mills 

— or through merchants or stockholders, as they 
esire. 

With regard to requirements for shipbuilding purposes, 
firms are still eiviend to consult the steel superintendents 
of the districts as to the mills with which they should 
place their orders, to facilitate the obtaining of supplies 
and to ensure that their needs shall be fully met as far as 
possible consistent with the output from the rolling mills 
in the various districts. 





INTERNATIONAL LABOUR LEGISLATION. 

Procress is being made with the institution of a 
Labour Section of the League of Nations, as discussed 
in our leading article last week (page 179 ante). mee 

The official communique, dated February 12, states 
that the seventh meeting of the Commission on Inter- 
national Labour Legislation took place that morning. 
Article IV of the British draft was adopted, which 
provides that at the proposed International Labour 
Conference the representatives of the Governments, the 
employers and the eee me ny should be entitled to 
speak and vote independently, without regard to the 
views expressed by the other representatives of their 
nation. is introduces an entirely new principle in 
the constitution of International Conferences with power 
to draw up conventions binding on the States represented. 
Hitherto the delegates present at such conferences 
have represented the Governments — and voting had 
always been by nations. It was felt, however, that 
in dealing with labour ae the employers and the 
workers must be given the fullest ————y “Es 
free expression to their views, and that they could not 
do this if the delegates of each nation were bound to 
speak and vote as a unit. 

Article V was also carried, which provides that the 
International Labour Conference shall meet at the capital 
of the League of Nations, unless it decides by a two-thirds 
majority to meet elsewhere. The Commission then 
proceeded to discuss the Articles dealing with the 
establishment of the permanent International Labour 
Office and the governing body which will direct its work. 
It was that the office should be established at the 
capital of the League of Nations as part of the organisation 
of the Léague, and should be under the control of a 
director appointed by the governing body. 





DeatH or Mr. Grorce Paviinc.—We regret to 
announce that Mr. George Pauling, senior partner of the 
: imited, occurred last 
Monday at Effingham, after a brief illness. Mr. Pauling 
lost his father (a civil enginéer in the service of the 
Indian Government) when only 14 years old, and had 
immediately to start work, being later on apprenticed to 
Messrs. Joseph Firbank and Co., with whom he remained 
for several yéars. In 1875 he joined the staff of the 
Cape Government Railways as a junior engineer. In no 
Government service is there a fair career open to men of 
exceptional ability, and Mr. Pauling accordingly soon 
détermined to start contracting on his own account, and 
succeeded, although his sole assets consisted of his 
brains and magnificent physique. Later on he was 
joined by his brother, and the two partners, in 1892, 


secured the confidence of Cecil Rhodes. They con- 
structed the whole of the Rhodesian Railways, in addition 
to many miles of line in other parts of ih Africa. 


From 1894 to 1896 Mr. Pauling served as Minister of 
Mines ‘and Public Works in Rhodesia, where he was, 
moreover, a member of the Executive Council. 


PRIORITY OF WORK. 


Ir was d on December 11, that priority 
classifications given before that date for contracts placed 
by the Admiralty, War Office and Ministry of Munitions 
would forthwith cease to be rative, except in cases 
where the contractor is noti in writing or by official 
notice in the Press that a particular classification is still 
to be observed for any icular contract. 

The Minister of Munitions issued Jast week an Order 
almost entirely suspending the ion of the former 
Order as to priority of March 8, 1917, as regards work of 
all kinds. effect of such suspension is as follows :— 
In the case of orders placed on and after February 1, 
1919, whether for Government or civil work, priority 
need only be given when special priority directions in 
writing to that effect are received from the Priority 

mt. In the absence of such directions no 
sage need be given to orders placed after that date 
or on behalf of the Admiralty, War Office or Ministry 

of Munitions, 

Such ene priority directions issued after February 1, 
1919, will be strictly limited to those very exceptional 
cases in which it is deemed to be essential in the national 
interest that priority be given. Contractors and others 
who may receive such priority directions in respect of 
any order for work or materials are empowered to pass 
on these priority directions to sub-contractors for work 
or ials req i as a eee Came of that order, 
and such directions will be binding on the sub-contractors 
as hitherto. 

Priority certificates and permits issued before 
February 1, 1919, will cease to be operative on and after 
March 1, next. is applies to priority certificates 
and permits, whether issued by ent departments 
or by firms themselves, on the form of certificate obtain- 
able from Post Offices. 

Forms of certificates will not be obtainable from Post 
Offices after March 1 next. Instruction as to the manner 
of transmitting priority directions to sub-contractors 
after that date will be embodied in the new form of 
permit to be issued when special priority directions are 





given. 

Any question arising out of this notice as to the 
validity of any priority certificate or any other matter 
should be ee Ba to the Con: , Priority Depart- 
ment, Ministry of Munitions. address of that 
department is now 10, Great Stanhope-street, London, 
W., 1, not Caxton-street, London, 8.W. 1, 





Royat Acricutturat Society or Enoianp.—The 
Royal Agricultural Society of , after an interval 
of _ yous, a issued am sheet for live 
stock, poultry, rabbits, produce, implements, &c., at 
the Show of the Society to be held at Cardiff from 
Tuesday, June 24, to urday, June 28. The total 
value of the prizes offered (inclusive of champion prizes, 
special prizes, and medals) is 10,800/., of which ,0351. 
are contributions from the Cardiff Local Committee, 
3,547l. from various breed societies, and 5051. 108. from 
other sources. 





Harsourn Sxeps or ReErwrorcep ConcreTs Im 
Sumatra. formerly constructed of corrugated 
iron have during the war boen built of reinforced concrete 
and have the advantage of being cooler and less likely 
to be infested with rate, says De Ingenieur, The Hague. 
They are easily cleaned with water from a hydrant, offer 
resistance ee ee durable, and of neat 
appearance w proper igned. There build 
have, however, the yao Mew of heavier, ae 
therefore require more expensive foundations where the 
ground is bad, they are not portable, and the concrete 
may crack and become leaky. 





Tae Bremivesam Smart Arms Company.—In the 
course of an interview, Sir Hallewell Rogers, M.P., 
chairman of the Birmi Company, 
stated that the call of the Government on his company 
during the war for increased output in rifles, Lewis guns, 
ae parts and other material had been simply 
enormous and persistent, and that in response to thax 
call the company had very extensively i d their 
may plant. Now that Government contracts 
aay ©, a fe hope nag the seem wese fully alive 
to possibilities of the situation. recogniein, 
the necessity of ie work for their camlapo 
of up the supply of such guns and small arms 
as the Government thought requisite, as well as increasing 
their private trade in small arms, they were adapting 
their extensive surplus factory space and plant to the 
construction of cycles, motor cycles, cycle fittings and 
specialities on a very scale. Sir llewell 
emphasised the fact that the requirements of the public 
end of the seade in this perticalar depertmens noel 
be most adequately met in every respect. In order to 
facilitate management, the cycle, motor-cycle, cycle 
ee a anne t was about to be 
as a company, under the name of 
les, Limited,” with Mr. C. 





mall 
- Hyde had been well known 
in the trade for thirty years; he was the inventor of 
the ve ie wheel. was, besides, president of the 


Motor cle Manufacturers and Traders’ 
8 , Limited ; fA of the Executive Committee 


of the and National Employers’ Federation, 
Birmi 3; and f i 
os ingham x a member of the Council 


of British of the Executive 
Committee of the Association of All-British Motor and 





Allied Manufactyrems, and of the Local Advisory Com- 
mittee to the Ministry of Labour. 
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THE RAILWAY PROBLEM. 
To tae Epitor or ENGINEERING, 

Sir,—I see it is age hq your issue og yr 
that I, ther with ot , am acti an 
poo as gp committee formed the Board of Trade to 
consider what is to be done with the railways after 
the war. 

I felt much honoured to be nominated on this com- 
mittee, but, in view of what has lately, 
I think it well to point out that this committee has 
never yet had before it any scheme for consideration in 
connection with this subject. Neither has it been called 
upon to express any opinion as to what should be done 
after the war with the railways. 

The committee has held two meetings during @ period 
of many months, and I have made the following 


8 tions :— 

' it Before the committee is asked to pronounce any 
opinion, @ statement should be drawn up and a 
balance-sheet presented, including the estimated value 
of the services rende to the Government by the 
railways under the control of the Railway Executive 
Committee. It may not be possible to give the exact 
rumber of men that have been moved in connection 
with the transport and return of troops, but it must be 
possible to ascertain the train miles involved in this 
operation, and an average value could be put upon thie 
service. 

As to the movement of munitions of war and other 
commodities for the Government which have been 
transported free of charge, there must be accounts 
kept of all this work in the various railway companies 
books. ‘Though it has frequently been said that the 
railways have not been able, in view of the extra cost 
of maintenance and extra wages paid, to meet, their 
expeniiture without Government aid, there is no direct 
evidence of this given in any accurate accountancy. 
It is impossible to confirm this by any figures before 
the public. 

2 tt must be clear that it is in the public interest 
that proposals should be put forward (prior to this 
committee a See either by the 
railway Executive mmittee and/or by the best 
experts connected with the railways themselves giving 
their views from the railway managerial point oi 
view how best the railway situation after the war ceases 
should be dealt with. 

Personally, I have a completely open mind (though I 
have some ideas of my own as to the way to deal with 
the railways after the war), but it must be evident to all 
that those who have so ably, not only prior to, but 
during the war, managed our railways in the general 
interests both of the stockholders and the public, and 
who have succeeded, notwithstanding reduced personne 
and rolling stock, in carrying anything from 55 per cent 
to 60 per cent. more freight many more passeng®rs 
than over their lines in times of peace, are 
fitted to make preliminary proposals for the consideration 
of this or any other committee. 

As things now stand, either with knowledge not 

by the committee, or on the advice of some 
expert opinion not yet made public, the Government 
has determined, it is reported, to adopt the policy of 
nationalisation of British Railways in some form or 
another. I submit that without such information as I 
have asked for, it is not possible for anybody to recom- 
mend what form the nationalisation of railways should 
take in this country. It is clear, however, in the 
railway history of other countries, that all forms of 
nationalisation have not been a success, and it is 
incumbent upon us, in view of the enormous outlay 
that will be necessary to acquire the rights of railway 
share and debenture holders, as well as safeguard the 
public intere. t, that any scheme should be very carefully 
considered, and all evidence brought forward in the 
completest detail and given the fullest consideration at 
the earliest possible moment. 
“Yours eae -_ 








. Morr. 
10, Victoria-street, Westminster, 8.W. 


February 7, 1919. 





“COAL SAVING BY THE SCIENTIFIC 
CONrROL OF STEAM BOILER PLANT.” 
To tae Eprror or ENGINEERING. 

Str,—When Mr. Casmey has succeeded in burning 
1 Ib. of coal in 12 Ib, of air he will be able to measure 
the temperature produced. Until then it is idle specu- 
lating about it. It is an even more idle proceeding to 
mak> assumptions regardi temperatures and from 
those assumptions calculate heat losses. Doing so will 
not enable anyone to operate a steam boiler economically. 

No steam boiler can be economically operated if the 
natural laws governing combustion are deliberately set 
at defiance in the maaner scientific controllers advise. 

EM -iency of combustion is totally i t of the 
chemical composition or the ca'oritic value of any fuel. 
It depends entirely on the quantity of heat liberated 
in @ certain quantity of air. The relation between the 
quantity of heat the tity of air is as fixed and 
immovable as the mec equivalent of heat itself. 
I gave the relation in « Aewee letter, viz., for maximum 
effisiency 620 British rmal unite per pound of air 


As Mr. Casmey has not yet invest 


igated combustion 
results from that stand 


int he is not in a position to 
discuss the effi:iency of combustion intelligently. The 
fact that my original observations were over 
twenty years ago does not in any way ‘affect their 
accuracy. carefully-conducted combustion test 

ample confirmation. It may have 
escaped Mr. Oasmey’s notice that steam boilers have been 





in use for power purposes in this country for over 
200 years. I, wroeda: bee |: cusbeas polsanines Mint evecy 
engineer in charge of boilers during all that time had 
been ignorant of the manner in which a boiler should be 
economically operated. I am not a believer in super- 
men who wrest ts from Nat The manifestations 
of natural laws are open to the observation of all men 
whose intelligence and ining fit them to formulate 
the effects of their operation. until now certain facts 
overning combustion have not been within the know- 

edge of Mr. Casmey, it does not follow that such facts 
—. ween a foundation nor essence of truth. It <2. 
that, after reading my letter on page , 

an, Manian did not turn to page 159 of the same issue. 
On that page he would find it amply confirmed that “ by 
admitting more air to the furnace” the e of a 
boiler with economiser was increased 19 per cent. Those 
of your readers who are in the habit of exercising their 
intelligence will recogni practical commonsens 
and intelligence disp sandwich system oi 





ognise the 

layed in the 
stoking with a mixture of bituminous coal and coke laic 
in layers on a grate. They will, of course, recognix 
that the chief function of the coke is that of opening uj 
the mass of fuel to the ofair. That I regard as an 
example of real scientific control. 

Yours truly, 
Jas. DUNLOP. 
190, Bellfield-street, Dennistoun, Glasgow, 
February 8, 1919. 





CAPITAL AND LABOUR. 
To tse Eprror oF ENGINEERING. 

Sir,—I have for a long time past considered that many 
of the strikes and misunderstandings between Labour 
and Capital might be avoided, and more harmony anc. 
good ieeling be brought about, in a — way, by 
arranging for Labour to be represented on the boards o. 
uirectors of all railway. companies, and large manu- 
facturing companics. 

My proposal is, that in each case, the workmen shouk 
be allowed to elect as their representatives on the 
a@ certain number of. directors, in proportion to th« 
numbers employed, where they ooulh explain to their 
fellow directors the men’s views and grievances, anu 
suggest remeuies for them, as well as irom time to time 
bring forward proposals for improvement in working 
and output made by men. The labour directors wouk 
nave to take enlarged views of the difficulties of successtul 
management, and of the great responsibilities involved ; 
and both Capital and Labour directors would, by frequent 
intercouse and discussion, acquire mutual regard anc 
respect, each for the others; and also see that to every 





} | Question, there are at least two sides to be considered. 


Having been chief engineer and then manager of a 
large wileey system of 1,700 miles, in Inaia, I write 
with practical knowledge, and thirty-five years’ ex- 
perience in the management of large bovies of men. 

It seems to me that my proposal is a practical one, 
and easy to try; involving none of the difficulties ot 
profit-sharing and similar proposals, and it would also 
be inexpensive. 

Yours truly, 
Epwarp N. Sroney, 
Mem. Inst.C.E. 
‘The Gables, Coonoor, India, 
November 30, 1918. 


C.LE., 





DisposaL or Surpitvus GoveRNMENT ProPrerty.— 
The S-cretary of the Ministry of Munitions announces 
that, in accordance with the decision of the Government 
to establish a central authority for the disposal of al) 
surplus Government property, the Minister of Munitions 
has approved of an organisation tor this purpose. An 
Advisory Council has been appointed to advise the 
Minister on such qu.stions of policy as may be referrau 
to them. The organisation consists of a Board din otly 
responsible to the Minister, to be called the Surplu: 
Government Property Dis Board. The depart- 
mental organisation is divided into the following 11 
sections to deal with the aifferent clacses of property 
arising for disposal ; at the head of each of these section: 
is a controller, respon ible to the Board :—Name oj 

. Sections: (1) Lands, Buildings and Factories 
and Furniture; (2) Huts and i Material; (3) 
Plant and Machinery ; 
sserapenh (including Tanks, Agric 
(6) Horses and Animals; (7) Textiles, Leather 
Equipment; (8) Railway Material, Transportation 
Stores, Road Repair Machinery ; (9) Electrical Instru- 
ments, Telephones and Telegraphs ; (10) Medical Stores, 
7 ment and Instruments; (11) Ferrous Materiale ; 
(12) Non-Ferrous Materials; (13) Chemicals and Ex- 
ives and Chemical Warfare Material; (14) Factory 
umable Stores ; i 





y): 
anu 


(15) Aircraft Equipment ; 
(16) Watercraft and Dock Plant; (17) Misce us 
Stores. The 17 sections have been arranged in groups, 


each being under the general superintendence oi a 
member of the Disposal Boar, ao contrasts 
duties entrusted to each Controller have the 
assistance of an Honorary Advisory Committee of men 


whose special knowle and e wil] ensure 
Fae eee On eae St Gepeaed. a Se 
the best advantage. In acc with arrangements 


made with the various Government departments con- 


cerned, no property surplus to the requirements of | to 


those departments will in iuture be of except 
through, or by arrangement with, the Di Board, 
This equally applics to surplus stores in the various 
theatres of war. & er Socen, Rome Se oe 3e 
deal with sales to neutral countries. Communicat 
should be addressed to the Secretary, Disposal Board, 
Whitehall Place, S.W. 1. 


(4) Timber; (5) Mcchanicai | the 
le ‘al Ma £2 





THE VARIATION OF MEASURING 
INSTRUMENTS. 


Variance of Measuring Instruments and its Relation 
Pr to Accuracy and .* 
By Frepsric« J. Scutinx. 
IL. INTRODUCTION: FUNDAMENTAL 
DEFINITIONS. 


Tue distinction between accuracy and sensitivity in 
engineering and physical measuring instruments is not 
always carefully maintained in the discussion and 
calibration of such instruments. In fact, certain phases 
of the meaning of these two terms have not been clearly 
expounded. f tal concepts are, of course, 
clear :— 

1. An instrument is accurate when its indications 
accord with the true values of the quantity being 
measured. 

2. An instrument is sensitive when a change in the 
quantity being is accompanied by a change 
n the indication of the instrument. 


II. ACCURACY. 

Neither of the above definitions is of much util'ty 
unt. amplified and expressed quantitatively. the 
first place, instrumental accuracy as the term is defined 
above, is only an ideal, since it is impossible to obta'n 
perfect exactitude in the reading of any measur'ng 
instrument on account of divers unavo dable mechanical 
limitations imposed by the co-act on of the work ng parts ; 
the ex stence of friction ; alterations in the propert es of 
measuring elements with time and with changes in the 
environment of temperature, atmospher'c ‘ 
hum:dity, &e.; and normally uncontrollable variations 
n the manner, frequency, and rate of ‘on. 

In the common measurements of industry and com- 
merce sufficient accuracy is sought to perm 't of dispens ng 
with the use of corrections, allowing the employment of 
observed readings directly, partly to el minate errors 
of calculation and partly to enable such indispensable 
nstruments as pressure gauges, measuring rules, micro- 
meter calipers, &c., to be used by persons not possessed 
of special technical train'ng. In the laboratory, on the 
other hand, the numerical equality of the instrumental 
reading to the true value of the quant ty be‘ng measured 
is not essential (except for the ar thmet'cal convenience 
which results from hav'ng sma!) values for the correct'ons) 
since the exactness of the work w I] usually requ're that 
the corrections of the instrument be determined 
numerically at relat'vely close intervals throughout its 
reading range, unless those corrections are very small. 
The readi of the instrument, therefore, wll be 
corrected before conclusions are finally drawn from them. 
By so doing the conven ence requisite in industrial or 
yon mel instruments is sacrificed, while exactness is 
se) a 

Instrumental accuracy is usually expressed numerically 
n a negative sense, by defining the error or correction 
for various values of the quant ty be'ng mearured. The 
trror arsing from whatever source, observed in an 
ndication of the instrument, divid«d by the true value 
of the measured quantity may be termed the relat ve 
or specific inaccuracy at a given reading, the negat ve 
term being justifiable on the basis of custom and ease 
in applicat on. W th ths in m nd it is seen that spec fic 
accuracy may be expreseed as the rat o of the value of 
the quant ty being measured to the error of the instru- 
mental ind.cat on at that value (this, of course, being 
the reciprocal of the quant ty di: fined above). The ratio 
expressing instrumental accuracy, wh le not of value in 
the ordinary use of instruments, w I] be of service in 
rat.ng the performance of an instrument. 


Il. SENSITIVITY. 
1. DEFmnrTion. 

By definition, any instrument wh'ch shows a change 
of read.ng for any change, however great, n the quantity 
being measured, is sensit ve or hae sensit vty. Ckerly, 
then, th.s term has little s gn. fiance unt ] means are 
ava lable for express ng it numercally. For part cular 
nstruments, espec ally those read by null mcthods, 
senstivity has often been expressed in terms of the 
smallest change of value of the quantity be ng measured 
capable of causing a perceptible response or change n the 
read.ng of the instrument. Expressed in ths manner, 

term is necessar ly unsc.ent fic and in its 
8 gnificance, since differences in the observers’ acuteness 
of perception, or personal senst vity, as it might be 
called, would result in w dely vary ng est’mates of the 
sens.tivity of the instrument; moreover, using this 
criterion, we should fal to distingush between in- 
sensitiveness and slugg shness, a distinction wh ch, 


as later cons derations will show, is an i t one. 
For om the sensitivity of scales balances was 
long de: in terms of the smallest added load which 


would & perceptible change in the position of 
Jo ponernan-thapinend snes ay The current method 
expressing sensitivity in terms of measured motion at 
the pointer tip is an improvement, and the best current 
practice is to define the sensitivity of a balance as the 
Peepen ot eae grian Oe Weich the seahipeins In amnons 
—when measured at the ponter tip—for a unit 
in the load on the load or platform. Balance makers 
have not commonly this ice, however, and 
it is st Il customary with them in their catalogues to refer 
balances as being sens‘tive to a given number of 
pet erage bene no definite value a3 — —— 
is meant, merely a visually perceptible one (pro! y 
somewhat less than a millimetre). For instruments of 
this character, even the method of basing the sensitivity 





ses, issued the United States Bureau of 
Paper by 
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on mot.on at the pointer tip does not seem satisf > 
since it depends — the accident of pointer ¥ 
and, on the basis of this definition, a given balance can 
be endowed with almost any desired sensitivity by the 
use of an optical lever or other means of high magnifica- 
tion.* 

A better basis would be the angular deflection of the 
rest position of the beam per un.t addition of load to 
the load pan, the first expressed in radians, and the 
second in grammes. True, this manner of expression 
is open to an objection from the strictly pee point 
of view, in that no ce, and in fact few measuring 
instruments commonly read by the null method, are 
ever subj . ees ti a ene 
the unit of angle suggested is simply larger t 
practical deflection, instead of being smaller, as custom 
might seem to demand, All actual measurements of 
sensitivity, however, must for other reasons be restricted 
to small deflections, principally because the sensitivity 
itself is subject to more or less regular variation over the 
acale of deflections ; the deflection used in determining 
sensitivity must be small enough, therefore, that 
variations over that range of deflection are quite 
negligible. 

2, PassIvVENEss DISTINGUISHED FROM INSENSITIVENESS. 
Certain aspects of the action of friction in introduci 
error into instrumental ings have been orem 
before, notably in Gramberg’s ‘‘ Technische Messungen ” 
and in Weinstein’s ‘‘ Physikalische Maasbesti ungen.”’¢ 
The variance error to discussed in the next section 
has its rise in friction, in that the divagation of reference 
points or axes from the = or positions determined 
under the assumption of a perfect and ideally fitted 

mechanism, is an effect which would not obtain exce 
for the resistance which the friction offers i 

taking up of the minimum or most stable positions by 
the journals. That action, dependent though it is 
friction, is of such definite importance from ano 
viewpoint that it will be treated separately. 

Simple frictional resistance to turning or sliding, 
however, has a bearing upon the ordinary concepts of 
sensitiveness which should be tioned in the p t 
connection. Its effect is to retard or delay the motion 
of the indicating element for both increasing and 
—— values of the quantity being measured. The 
amount of the static friction will be roughly proportional 
to the restoring force in the system, so that in the usual 
case, as the reading increases, there will be a tendency for 
proportionate increase of mechanical hysteresis due to 
friction, and the error which it causes will be greater, the 
less the forces available to effect motion of the mechanism, 
for a unit change in the measured quantity. 

The immediate effect of turning or sliding friction 
is to prevent response of the instrument reading to 
certain small changes in the measured quantity. On 
this t it b nes necessary to draw a distinction 
between sensitivity and immediacy of response. It is 
clear that if our first and commonly accepted definition 
of sensitivity be strictly adhered to, we will come upon 
the peculiar circumstance of an instrument having zero 
sensitivity whenever any finite change in the quantity 
being measured is accompanied by no deflection what- 
ever of the indicating element. Nevertheless, exactly 
this occurs in an instrument having friction or lost 
motion. In fact, it is often true in instruments of less 
precise character that a considerable change in the 
measured quantity can be effected without the occurrence 
of any motion whatever of the indicator; this period 
of inaction of the indicator persists during the taki 
up of slack and the overcoming of the static friction o 
the operating parts, much as the first pull of a locomotive 
on @ train fails to produce motion of the caboose until 
the slack between all the cars has been taken up, and 
until the static tractive resistance of all the cars has been 
overcome. 

With this in mind, it will be admitted that the usual 
definition of sensitivity leads to an absurdity, in that 
the determination of the sensitivity of an instrument 
would depend upon the absolute rather than the relative 
magnitudes of the quantities entering into the observa- 
tion, and in that it would, moreover, involve an abrupt 
changing over from zero sensitivity to finite sensitivity. 
In view of the irrational nature of any such assumption, 
the definition of sensitivity must be modified, thus: 
Sensitivity in an instrument is the rate of change in the 
indication of such instrument with respect to change in 
the tity being ed, it being necessarily assumed 
for the purposes of this definition that friction and lost 
a the = ne ea have — eliminated or are 
negligible. (A similar postulate applies to the analogous 
determination of the scale value in instruments graduated 
direetly in the units of the quantity being measured.) 
We thus distinguish between instrumental passiveness 
(or sluggishness) and instrumental insensitiveness, @ 
distinction which, so far as known to the writer, has not 
hitherto been set forth. 

The factor of passiveness may then be determined by 
noting the saaplien alteration in the quantity to be 
measured which will produce any change whatever in 
the indication of the instrument. The amount of the 
least alteration in the value of the measured quantity 
producing instrumental response, divided by the initial 
value of the ed quantity, may be called the 
passivity of the instrument at that point. 

For the present purpose, then, we must revert to the 























*The author is. not unmindful of the practical 
unitations upon the use of a high magnification with a 
mee or other measuring instrument of mediocre 
quality. This question will be discussed later in con- 
sidering the factor of variance. 
t See also the author’s —: “A Stabilised Platform 
Weighing Scale of Novel ign,” Technologic Paper 
No. 106 of the Bureau of Standards, 1918, pages 9 to 12. 


term “ ble movement,” which has properly been 
chmod inn tr as it concerns definitions of sensitivity. 
evidenced delayed response has been overcome so 
soon as any motion whatever of the indicating element 
has taken place. This factor when present can be 
observed in the complete hysteresis loop of the instru- 
ment, as measured by the length of the horizontal line 
ae Fea Ge d quantity—indicati 
curve of instrument at points of reversal of reading. 
(Bee under Backlash, infra.) Passiveness then is a 
— case of the phenomenon of variance, the factor 

ussed in the section immediately following. The 
present section has been introduced in this order on 
account of the intimate relationship of passiveness to the 
determination of sensitivity, observations of which are 
peculiarly subject to error in the presence of high instru- 
mental passivity. 





IV. VARIANCE. 
1. DEFINITIon. 


The third important factor to determine in the calibra- 
tion of a measuring instrument is that of variance, which 
is defined as the range, at any given value of the 


oo 


Error, lb. 





Fie. 1. Hysteresis Loop of Automatic Weighing 
Scale of the Cam-Pendulum Type (comprising no 
Elastic Force-Measuring Elements). 


Note the manner in which the curve of decreasing readings 
reflects the aberrations of the curve of in 8, 
with a distinct tendency toward wider separat at the 
middie of the load range, so that the hysteresis loop would 
have a distinctly len’ ar form, if the median line or mean 
error curve were rectilinear. 


Fig.2. Readings, Inches. 





Error, Inches. 





Fie. 2. Hysteresis Loop of Dial Indicator of the 
Screw-Train Type, having High Multiplication, 
an Instrument much used for Direct Reading of 
Small Displacements and other Linear Magnitudes. 


: 
iy 





sq §=©Reading, Inches of Gasoline 


Fic. 3,—Hysteresis Loop of Depth Gauge for Gaso- 
line Tank, @ Diaphragm T of Pressure 
Graduated in inches of Gasoline. (Ordinates in 
inches of Gasoline.) 


measured quantity, of variation in reading which may be 
exhibited by the instrument under repeated application 
of the same value of the quantity being measured, after 
a steady reading has been attained, the environment 
remaining unchanged. This quantity, which overlaps 
the passiveness factor defined above, ge Bog be called 
the range of uncertainty of indication, in that it represents 
the range within which the readings of the instrument 
may be expected to lie when all causes of variation save 
those inherent in the instrument are eliminated, The 
ifie variance or variancy (the same etymological 
ction being maintai as heretofore) may be 
detined as the ratio of the range, at any given value 
of the measured quantity, of variation in reading which 
may be exhibi by the instrument under 

application of the same value of the quantity being 
ured, divided by the value of the measured quantity 


meas 
itself, the same assumptions applying as above as to 
the attainment of a steady state of indication (see 
Drift, infra) and as to the maintenance of unchanged 
environment. This factor has rarely, been determined 
in. tests of ing instr ts ;. ignoring it in their 
use, as is commonly done, may cause appreciable error, 
and it is therefore important that it be recognised or 


e M . 
the case of the usual direct-reading instrument, 











inst corresponding values of the quantit 
Eee en for Pa a and ing values ot 


that quantity, is a valuable and, in fact, indi 

index to the operating characteristics of an instrument 
and affords distinctive and eas.ly interpreted information 
regarding defects of des:gn and workmanship discoverable 
with certainty in no other way. 

Consider curve shown in Fig. 1, which is plotted 
from observations on an automatic or self -indicati 
weigh’ "scale. This part-cular scale is one in which 
the is on ionet by the var.able turning moment 
of 7 of oppositely rotating pendulums mounted 
on bear.ngs. The «¢ffect shown, therefore, is certain] 
not the hysteres's of inelasticity, such as would be ahentyen 
in the test of a spr.ng scale, although, admittedly, elastic 
hysteresis is present in very small and igible amount 
in every instrument, due to variations in the worki 
stresses (in this case, in the load-sustaining parte of the 
scale which transmit the forces from the form to 
the pendulum). The sources of the exhibited 
in the fixture are manifold ; though diverse in 


character, however, all are expressible as bac or 
are closely analogous to it. 
Figs. 2 and 3 show other typical e of hysteresis 
effects, the instrument of Fig. 2 having no source of 
is of inelasticity, while that of Fig. 3 does, 


In one case so important was of the 
backlash characteristic that the writer, in the inspection 
on @ contract ising 1,200 automatic scales, found 


sets of 

pars at ansobye oe ages ay ... 

uation for increasing decreasing » 
results of the test observations being plotted directly 
into graphs l.ke that of Fig. 1. The median line of the 
sO i ve the characteristic error of the 
» correctable by suitable alteration of the weights 
of the pendulums and of the contour of the cams 
which were thin metallic transmitting the 
arr rage oe « form system to pendulums., The 
width of the hysteresis loop, moreover, gave a good 
x the workmanship of pendulum ings and 


ons. 

It will readily be appreciated how valuable is the 
information which such a graph affords in evaluating 
the ntal characteristics of an instrument and in 
indicating defects in wor ip and design. 

2. Typzs or VARIANOR. 

In all instruments which use a spring element for 
equilibrating the changes in the measured quantity 
directly or through conversion from displacement 


: 


its to 
forces, a source of variation existe in the imperfect 
elasticity of such a spring, whose changes in shape or 
dimensions are always to some extent irreversible. 
This imperfect reversibility of the stress-strain relation 
implies a hysteresis effect in the calibration of the 
instrument. Apart from this, we have the effects of 
perfections in the mechanism itself, next to be dis- 
cussed, as evidenced in such parts as journals, bearings, 
“aici 
(a .—The function of turning pairs in a 





* Much of the discussion of this paper relates directly 
only to mechanical instruments whose indications are 
of a reversible character ;, of another — are time- 
measuring instruments some t; in’ i 

instruments in which the readings Ceres \ uate 
re or recur at will; these are not completely 
amenable to the nt treatment, but ire special 
consideration. t this distinction is fealaeniotel is 
clear from the fact that a c cannot be said 
to have sensitivity, since time is in its very essence 
epochal and irreversible. These methods do, however, 
apply with complete validity to many devices and 
mechanisms not always consi to be comprised in 
the term “instrument,” ¢.g., telephone receivers and 
transmitters and yen na reproducers, and a large 

ue - 


class of controlling or v; imiting mechanisms, such as 
t ts, barostats, 


hygrostate, vere regulators, 
engine governors, and carburettors for internal- 
combustion engines, all of which are in fact in large 
measure subject to perturbations arising from effects 
to be classed as irreversibility. This is true, moreover, 
of liquid-column instruments such as mercur al baro- 
meters, for even in such instruments resistance to motion 
does not actually vanish at zero velocity of the I quid. 
Imperfect reversibility in measurable amount is known 
to exist in mercurial barometers and other liquid 
manometers. 
t There are, of course, other sources of lag that are 





evidenced as loops in the calibration curves of, instru- 
ments. As typical examples may be mentioned the 
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measuring instrument is distinctly different from that 
which they fulfil in a machine. In a machine the exact 
i of i between centres of rotation 


interv: 
mechanism which raed the forces Ae per reat involved 
from the point of their reception to i registra- 
tion or indication. This, kinematically, 
fequires that links must have a constant virtual 
(if comprising lower pairs) or determinate virtual 
1 constant and definite for any given configuration 
of the linkwork (if comprising higher pairs). 
will readily be seen that the presence of slack or 
in the mechanism of an instrument will have 
the same effect on the indication as an equivalent 
advértent displacement of i 
receiving the force or di t. cklas 
is here used to imply only looseness of fit resulting in 
the co-acting parts. Such i and un- 
cont: defects in the linkwork itself are usually, in 
fact, fied at the point of registration, owing to the 
caattiptisation of the motion from the receiving to the 
i element. 
of backlash is usually assumed to be that 
shown in the hysteresis loop at B in Fig. 4, viz., a 
thombus of which ag i _ sem rag op 
( it may be, the multiplication 
from err correspond exactly with the i 
clearance the bearing. The portion ab represents 
the phase of load addition during which no change of 
indication 6ecurs, pending the taking up of the lost 
motion. ¢@ is the c ing phase at the beginning 
of the returning portion of the curve. During this phase 
the pin or journal is assumed to be returning to contact 
with the ite contact face of the bearing. 
As & matter of fact, the only defect of workmanship 


which could ptoduce this type of error is typified in the 
view at the left in Fig. 4, in which a round pim or journal 
co-acts with an pr bearing, the lesser diameter of 


the —< being exactly equal to the diameter of the 
journal. thisfoane ths clearance of the journal in its 


ing occurs in one direction only. Such a eon re, 
detail could odetir but rarely, and then only in instrume: 
of which the were badly worn; moreover, a 
hysteresis } the form shown in B could hardly occur 
in any rationally designed instrument since some portion 
of the is usually restrained by a counter- 


weight or (often a hair-spring at the indicator 
pte xo tas ee of eile tb Poeienals in contact 
with the same faces of the bearing, thus pro- 
viding what is Known as force-closure of the linkwork. 
Such a hair-spting cannot, however, eliminate all back- 


lash 80 as & eae ” clearance 
exists between components © turning pairs, 
as will be shown hereafter. 


Were an instrument to comprise only the form of 
backlash just defined, a constant displacement would 
exist between the upward and downward branches of its 
hysteresis » 80 that a fairly definite and useful 
correction be applied for the backlash error, if on] 
the phase of the instrument movement were known. 

As a matter of fact, the shape of the hysteresis loop for 
an instrument i8 lenticular, and not dissimilar to that 
of an imperfectly elastic structural specimen under stress. 
(To be sure, such @ specimen with an lied extenso- 
meter is itself @ measuring instrument, being a spring- 
con wei scale with, ordinarily, a stiff spring 
and high fication.) The reason for this shape o 
the hysteresis loop will be noted by reference to Fig. 5. 
Let 1 and 2 be two conjoined links of the mechanism of 
@ measuring instrument. For the sake of concreteness, 
we may consider them ogy seen in the simplified hair 
hygrometer shown in the diagram at the left of the 

, CEE Soares oe Se. meter the 
links 1 and 2 fotate relatively to other about 
some more or léas definite centre (1, 2). The kinematic 
consideration of such a jointure would, of course, be to 
assume perfectly circular rotation about coincident 
geometrical centres of the journal and bearing. For 
most kinemati¢ problems this approximation is amply 
close. In instftiments, however, as has already been 
pointed out, the whole performance of the device depends 





upon the definiteness of the metrical con ion 
ata we aun q sity being d. Let us 
herefore examihe into the action y gy betel tice. of 
bearing haviig @ loose journal. As 2 rotates relatively 
tol that force-closure exists to keep the bear- 
ing and jo’ in contact at some point, and the hair 3 
taut, as be the case in an -desi instrument 
—the jo in part rolls in part around the 
interior of bearing, its centre describing the arc of 


a circle whosé radius is equal to the difference in the 
radii of the and the ing. The point (1, 2) 
then for motions of the instrument will have 
@ motion in this arc, which motion is superposed on the 
pure self-fotation which it derives from the intended 

ion Of the mechanism, It js seen, therefore, that 





or shortening of te link 3, bei in fact 
distorted ty my ins 
In the 
bearings, exact performance may somewhat 


tion of the p tip o-rer the uated reading 
the complex motion at (1, 2). 
irre bility in the thermal expansion of some materials, 
ond siete , Y 





scale does fot bear a simple geometric relation to the 
of a horizontal spindle turning in ball 
more or less closely a function of time, such 


Ps ta the iets f biqutd trees, the 
state stress, in t i of liqui 

walls of a tube, the thermal lag noticeable in certain 
types of electrical instruments 


from 
température changes accompanying the flow of current. 


different from the above, although the effect is the same. 
Se ee a ian aa 
turning of the spindle, while the spindle itself remains 
pre-e Bie By oy hehe I ete 
pair near the bottom of each race. the 
turns, due to the rolling of the individual 
race, the spindle is carried an amount 

upon the radial c between 


as the variation which it uces 
erage ratio (in this case, in the two arms of 
2). As the pin shifts to the left and upward 
in its bearing, a point which is the instantaneous centre 
of relative motion of the two links and which lies at a 
determinate point situate between the centre of the 
bearing in 1 and the contact point. m, shifts in such a 
way as to decrease the ratio of the two arms eee 
On this account point A moves increasingly faster in 
relation to the point (3, 2). When link 2 rotates in the 
jpposite direction, the tact point rises along the 
right-hand face of the bearing, increasing the ratio 
(3, 2)—(1, 2), 
(1, 2)—A 


so that A will move increasingly slower 
in relation to the point (3, 2). 





This mode of action will 
clearly account for the general lenticular form of ealibra- 


Fig.4. ye 


ce 


ab * B 


A 








a'"6 Measured value 
Fic. 4.—The Rhomboidal Type of Hysteresis Loop, 
rarely Encountered in Instruments. ” 


























The unusual type of action of journal and bearing shown at A 
or of gears mating with circumferential clearance, will 
produce this form of calibration curve. 

Fig.5. 
iti (1,2) 
¢ 2 
(3,0) 
| lal j 
2 
- 
/ 
(su. Be 





Fic. 5.—lIllustrating the Operation of Instrumental 
“Backlash” in introducing Aberrations in the 
Geometrical Relation of J 1 to Bearing. 


tion curve exhibited by an instrument having backlash. 
In the case of instruments comprising spring force- 
resisting elements, such as occur in gauges, heat - 
pe indicators, aneroids, and the like, a similar loop 
will arise from inelastic action of the spring. This effect 
will be combined in the calibration curve with that due 
to backlash. 

The limiting amount by which the point of contact 
mae be Sianteved. tom lowermost or most stable 

ee , , 


could, if necessary, be ik terme 
rom & knowledge of the weights of the parts, the direction 
and magnitude of the other forces involved, and the 
— of friction of the materials of the journal and 


When maximum sidewise displacement of the 
centre of the journal is reached, a more or less steady* 
state of relative sli ing between journal and bearing 


takes , 80 that in so far as ns h f 
ro ad er Na it is to be e that the backlash 
i corresponding to this 


ion of the operating range 
of the instrument will be flat. The loop will, Ganelen, 
be up of three phases: A lower lenticular portion ; 
middle oblong, approximately straight-sided portion ; 
Se ae mticular portion. This state of affairs 








+ 


a completely closed since local Fand 
ee ee eet ee ee eee 
may operate to prevent complete reversion of the parts 
to their initial positions. Specifically, this may occur 
when the force designed to effect force-closure of the 
am i insufficient in t. The t by which 

loop fails of closure may be termed the set. The 
relative or specific set is the ratio of this residual deflection 
divided by the deflection which occasioned it. 

In cases in which a link typified by 3, functions as a 
means of transferring or modifying a motion from 2 to 4, 
the effect of the interior rolling of journals in bearings 
link 2 and shorten link 4 for rotation of 
4 in one direction, and vice versa for rotation in the 
other direction, thus again acting to widen the hysteresis 





yc between the engaging teeth of gears¥and 
toothed racks which appear in many instruments intro- 
duces backlash effects of the same general nature as 
those outlined above. In many cases the backlash effect 
in a gear train will be su upon that of the journals 
and i of the train. In every case are 
certain phases of motion in which such effects will be 
additive. In gear trains, moreover, there is especial 
likelihood of occurrence of the true backlash type of loop 
shown in Fig. 4 at B, since clearance at the pitch line 
will tend to result in actual discontinuity in the trans- 
ference of motion from one part of the train to another, 
whenever the direction of rotation is reversed. 

(b) Irregular Variance.—In the case of instruments 
which are characterised by poor workmanship or are in 
a state of ill repair, the hysteresis loops obtained on 
successive runs may be far from concordant in either 
shape or magnitude, this condition being of course a 
result of inaccurate fitting of such serious order that 
variations in the friction and journal displacement, even 
for a particular indication, become significant. In the 
case of instruments of this kind, the variance may be 
well expressed and defined by plotting frequency curves 
of the readi or errors obtained for a given value (or 
for @ series of definite values) of the measured quantity 
Te ly applied. 

One series of points will be plotted for readings taken 
at varying rates and amounts of increase of the measured 
quantity terminating in the value corresponding to the 
partic point of the scale under investigation, and 

ther set for d ing values terminating at the same 
point. Such a curve, in which frequency of occurrence of 
a particular reading or error is plotted against the true 

ue of the measured quantity at that reading, gives 
the probability of occurrence of any amount of variation 
from, say, the mean instrumental reading. 

A series of such frequency curves taken at various . 

of the reading ~~ —_ be plotted as shown 
in Fig. 6, in which case the surface which may be eon- 
ceived of as enveloping the family of probability curves 
when they are thrown into three dimensions, will enable 
one to determine the probability of a given error at any 
point along the reading scale. The principal utility of 
such a graph, however, will be in the criterion which it 
affords as to the comparative ormance of instrument 
of diverse design or wor! ip. 

Lest it be felt that the importance of the hysteresis 





error due to bearing clearance and bac has in the 
foregoing been over-estimated, the following should be 
given consideration. It may well be true t in some 


instruments, especially those of the least mechanical 
complexity, the error is small; in other cases it may 
have #n appreciable value and yet be of minor importance 
as compared with the hysteresis due to imperfect 
elasticity of elastic resister elements and as compared 
with the drift or elastic after-effects, which also frequently 
accompany spring ee Neverthe- 
less, in many instruments the klash type of error 
arising in purely mechanistic sources is the one which 
governs the practicability of the desired accuracy and 
sensitivity. As examples, automatic or self-indicating 
weighing scales and balances, especially those using the 
principle of pendulum inclination, may again be called 
to mind. Another important class of instruments, in 
which the backlash effect is the limiting and preponderant 
factor, is that of length-measuring instruments commonly 
employed for measuring small differences of displace- 
ment. Examples of these are found in the dial-and- 
oe instruments which use wheel or screw trains of 
igh multiplication to convert rectilinear displacements 
at the receiving point into rotations of an indicator over 
a graduated dial. Were it not for the variance effects of 
mechanical hysteresis in these instruments they would 
obviously be applicable to the most refined length com- 
= In point of fact, one of the t; most 
ue to unavoidable deficiencies in the of the wheel- 
work spindles and meshing gears, shows variance 
differences amounting to several graduations, at on 
displacement of the receiving point, the dial this 
instrument being divided to ee in. of plunger dis- 
placement. This, then, is an exam: of an instrument 
in which variance errors have roomy Ah limiting factor ; 
the extremely high magnification and considerable range 
of reading, with necessarily large number of co-acting 
rts required thereby, makes their minimisation a very 
ifficult matter. ; 
Almost without exception, the complete calibration 





been roximately confirmed by experi 

It may easily be that the calibration curve will not form 

*It may even be that a step-by-s motion of the 
linkwork and indicator, due to as Gindinainias in 
the relative motion, referred to above, can be distinctly 
observed, typifyi in @ sense the point-by-point 
manifestation passi i i i 
response of the instrument mechanism; and 
the discontinuity between the values of the 
kinetic friction of the linkwork. 











of ing instruments of nearly every type, not 
excepting those << liquid meniscus as cating 
element, should inc 


a determination of the variance 
itude of the variation shown 
indicate whether or not it will 


i it, viz., the backlash effect, the 

imperfect elasticity effect, and the drift or elastic after 
(ec) "Drift. — Another phenomenon o 
importance in some types of instrument 


f considerable 
is that of drift, 
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which is a time effect characterised by a more or less 
— movement of the indicator, asymptotically to a 

finite reading, after all conditions external to the 
instrument have b It would seem 
that very little of this effect can arise from causes 
originating in the kinematic relations of the linkwork ; 
it must be due chiefly to elastic after-effect or the 
hysteresis of inelasticity in stressed portions of the 
measuring elements. If we accept, as applying to 
stresses other than torsional, the conclusions of J. J. 
Guest and F.C. Lea in their recent paper* on hysteresis 
phenomena, we may ascribe all such effects to conditions 
of actual overstrain in imperfectly elastic force-measuring 
or force-sustaining parts. An example is seen in the 
aneroid barometer, where drift takes place as a result 
of slow settling of the diaphragm or spring to a steady 
state of stress. It is quite reasonable to suppose that 
in corrugated diaphragms, such as are used for this 
purpose, zones of decided overstrain do exist. 


at. + 





3. Means ror REDUCING VARIANCE. 

(a) Details of Design.—Several ~—<— remedies are 
to be considered for minimising hysteresis loop of 
measuring instruments arising from the causes described. 
The most obvious one is, of course, to improve the fit of 
journals in their bearings to such an extent that the 
bearing clearance is negligible. This procedure is 
oft-times mechanically impracticable for several reasons. 
First, that when an ideally close fit is had, the journals 
and their bearings must have cross-sections which are 
perfectly circular, since otherwise any relative rotation 
would result in binding ; second, slight differences in the 
temperature of the parts or in the condition of the 





Fig6. 
5 4 i if 
b -@ é 0 6b 20 
Measured value 
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Fie. 6. Illustrating the Representation of I lar 
Variance by Reference to a Family of Probability 
Curves Developed at Various Points along the 
Instrumental Scale. 


one or both ends of the tape wind upon a cam of suitable 
contour, a feature whose importance will readily be 
appreciated. It does not seem that the use of the 
flexible connector in such instruments as pressure gauges 
(including aneroids), recordi thermometers, Ge 
ters, tach ters, and the like, has been as extensive 
as the favourable properties of the device warrant, 





and a improvement in the constancy or repro- 
ducibility of ing of such instruments should be 
secured employment of this arrangement. Critical 


examination of the usual pressure gauges and tacho- 
meters, = well as — — ge pene 
generally, will convince one that the importance of speci 
care in the design of the turning pairs in the linkwork 
has not been commonly appreciated, and it does not seem 
that the best practicable perfor of such hani 
has been approximated. 

In connection with the pressure-measuring element 
familiar in the aneroid, an important development has 
been noted in certain recording instruments, and is now 
being manufactured seni use in aviation instruments of the 
indicating type, its object being to eliminate geari 
and jointed linkwork. Instead of the c diap ™ 
or monoplanar Bourdon tube of small movement, a 
helically-coiled Bourdon tube is used, connected at one 
end to the fixed frame of the instrument, and at the other, 
through a temperature compensator which need not be 
descr , to the indicator spindle, which latter is con- 








Bourdon tube tends to uncoil, and drives the coaxial 
pointer directly, without the need for gear or link trains 
of any kind. A considerable are of pointer movement 
can easily be obtained in this way without complication, 
and it would seem, with very satisfactory reliability. 
The importance of improvement in this field is appreciated 
when it is known how extensively the compact and 
inexpensive pressure -diaphragm construction has recently 
been applied in the development of every variety of 
aviation instrument, in which use, of course, the direct 
pointer-reading type is to all intents and purposes a 
necessity as against the liquid-column manometer. The 
diaphragm capsule and the Bourdon tube are now em- 
ap in thermometers, air-speed indicators, altimeters, 
iquid-depth gauges, and in many other applications 
apart from the simple determination of static pressure. 
(b) Effects of Vibration.—With the considerations 
developed in the foregoing in mind, it is easy to see how 
the effects of vibration treatment suitably applied to an 
instrument at the time of reading will tend to correct 














Fie. 7. 
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Hairspring 


A Simple Type of Connector having Low Frictional Resistance and Affording Satisfactory 


Constancy in Distance Relationships. 


lubricant, or the introduction of dust in the use of the 
instrument, would increase the friction to an amount 
fatal to proper operation. Perhaps the best type of 
bearing to reduce these difficulties is the conical pivot, 
consisting of two oppositely directed cones engaging in 
suitably supported conical hollows, both the cone and 
its mating depression being quite sharp, and suited to 
each other as to included ang This requires that the 
conical depression shall include a somewhat larger angle 
than the cone, in order that complete contact occur 
only at a rag or infinitesimal surface in the axis of 
rotation. is is the type of bearing commonly used for 
the balance wheels of alarm clocks and low-priced 
watches. While having relatively low friction and 
maintaining a practically invariable relation of bearing to 
— it cannot, of course, withstand any considerable 


Another method, which looks very promising in the 
limited application it has had in weighing scales and a 
very few other measuring instruments, is the use of a 
flexible or ribbon-like elasti tor, d to the 
conjoined members by means of clamps or equivalent 
device. With such a connector, the constancy of distance 
between yuy of relative rotation for baa 
figuration system is assured in a i ect 
manner, neglecting temperature bh ypene sn, effects 
which are common to all types of ings. The only 
contribution of this type of connector to the total 
h is of the instrument lies in its own elastic 
hysteresis, which should be very small indeed for very thin 
bands or ribbons of steel or similarly favourable material, 
operated as they commonly are, through but small or 
ee Knif ot a ~ Vohaped beari le 

e in ings or single cone points 
and cups arranged as shown in Figs. 7 may be used if the 
shape and ition of the bearing and edges are such as 
to insure the contact remaining always at the intended 
point. It is difficult to see, however, where this arrange 
ment can offer any important advantage over the flexible 
connector just described, except in the case of precision 
mnetruments for use im the laboratory, where ¢ most 

i assured. 


xi i t property 
which has been utilised to a considerable extent in the 
design of automatic scales, viz., that a correction of the 
motion of the parts to obtain a linear or uniform scale of 
graduations can readily be secured by arranging that 


*J. J. Guest and F. C. Lea, “ Torsi 








Sodity p con- | parts 


the errors introduced by friction and backlash. It is a 
well-known fact that with certain instruments, such as 
Bourdon tube or diaphragm pressure gauges, the i 

tends to settle toward a more reliable and re ucible 
value if the instrument is tap or jarred. e inter- 
action of parts which brings this about will be perfectly 
in line with the facts developed above. Briefly the 
effect is of two related sorts: (1) The minimisation of 
static friction by.the moment: disengagement or 
separation of co-acting bearings and journals, and (2) the 
opportunity which the same disengagement affords, for 
journals to settle to the “‘ minimum” or base-point of 
contact in their bearings. On the basis of this reasoning 
it would seem that the best results from vibration treat- 
ment before a reading is taken will ensue when the 
vibration starts with a relatively large amplitude and 
decreases finally to practically zero amplitude, since 
the slight shifting about the optimum indication, due to 
the ——ee of the vibration itself, is thus eliminated. 
In brief, the effect of vibration is to permit the forces 
which tend toward a definite, unique, equilibrium point 
and are inherent within the instrument, to operate 
against the minimum ible resistances in moving the 
toward that equilibrium ; in another sense, energy 
is applied from without the 
unavoidably lost in the deficiencies of the mechanism. 
On this point an with magnetic hysteresis exists. 
Asubstance is most accurately brought to a given state of 


tisation by subjecting it to a field whose intensity | by 


oscillates with decreasing amplitude about that (or 
corresponding) value of magnetisation. 

A priori, it would seem that by vibration treatment 
judiciously applied at the time a reading is taken, 
errors of result due to the mechanical sources of variance 
can be almost completely eliminated. 


4. Retation oF Variance TO Userunt Sxwsrrrvrry. 

It is often found that particular instru- 
ments are given a sensitivity far higher than warranted 
in the face of the error obtainable on resulting 
from the variance present. Similarly, the graduation 
of instruments is often found to be far closer than the 
large amount of the variance justifies. Care should be 
taken in the design of measuring instruments that the 
units of uation and the openness of the scale are not 
out of pecpertion to the effective reproducibility of 

ing possible. For testing or la i 


instruments, 
the mean interval of graduation should not be less than 


is | five times the mean variance, since it is to be expected 





‘orsional H 
of Mild Steel,”’ Proc. Royal Society, June 1, 1917. 


that observations will be noted accurately to one-fifth 


centric with the helix. As pressure is applied, the} by 


system to replace that | i 


the smallest graduation or less. For commercial instru- 
ments the unit of graduation and the variance may bé 
more nearly equal, say, in the ratio of 2 to 1, 

It is obviously mi ing and absurd to uate a 
tachometer to a si mile per hour or revolution per 
minute when the ing at a given true speed may vary 
as much as 5 miles per hour or revolutions minute. 
Such inconsistencies, however, are very ah ent in 
practice, as is the related but less serious one of having 
a y open scale on a very variant instrument. 

time and care in_ taking readings are 
required when the sensitivity is ill-proportioned to the 
variance. Instruments are not common which possess 
such refinement of workmanship that the characteristics 
of successive hysteresis loops are uniform enough to 
permit of practical correction for the variance of observed 
readings. For these reasons the sensitivity may easily 
be disadvantageously high, in tending to induce 
erroneous estimate oi the precision of results, and if thi 
mistake does not occur, in engi careful investigation 
of the particular instrument involved to determine the 
portion of its maximum sensitivity which is really and 
practically available in service. be 

Other factors may well have a part in determining 
the sensitivity to be aimed at in a given instance, for 
example: In an equal arm it is preferable to 
use a relatively low inherent sensitivity, frecemeny Fan 
visibility of changes in the deflection of balance beam 

the use of an optical lever, microse and scale, or 
similar external means. In this particular case the 
advan: gained are (1) decreased period of oscillation, 
which reduces the drift and other errors flowing from the 
protraction of the observations over a long period of 
time ; and (2) the greater ease of manipulation and contro] 
of a balance having low inherent sensitivity. 

The fact of y (or accuracy), sensitivity, 
specific set and variance may, as a convenient means of 


ressing t iol eae a raee 


arriving at and e 
wo far of graduation 
instead of to the value of the meas 





instrument, be referred to the 
i quantity under 


observation, as presented in the definitions of fore- 

ing pages. For example, it will be of service to express 
the maximum set or maximum variance observed in the 
reading of an instrument in terms of ite ratio to the total 
range of values represented in the uation or use of 
the instrument, in r to arrive at a single significant 
number ae omen of bere. fang merit of the 
instrument with reg to partic property in 
question. In like manner the reciprocal of any of these 
quantities (that is, range of graduation divided by 
maximum set or maximum variance, &c,) may be 
similarly employed. 

Vv. SUMMARY. 

The terms accuracy, sensitiveness and variance in 
reference to the characteristics of a measuring instrument 
are most useful when quantitatively defined. In practice 
the first is best expressed in terms of its reci as 
the ratio of error, arising from whatever cause, 0 
in an indication of the instrument, divided by the true 
value of the quantity being measured, this value being the 
8 inaccuracy at that reading. This factor is useful 
in rating the performance of an instrument, while the 
ute error 0 is used as a means of correcting 
observations for use in calculation. 

Sensitivity is the rate of displacement of the indicating 
t with resp te change of SO Spoeeees, Seeinay: 





The mode of expressing sensitivity should be: defini 
and not dependent upon the observer’s personal judg 
ment; moreover, when ible it be so chosen 
as to be independent of the accident of dimensions in the 
indicating element where such dimensions or the final 
ification of indicator movement are within reason- 
able limits alterable at will. 

The effect of passiveness or sluggishness in the action 


of instruments is to be clear! Comme’ from 
insensitiveness. Emphasis is lai fact that 
sensitivity cannot be determined by di measurement 
unless friction and lost motion are sensibly eliminated 


or are negligible. The amount of the passiveness at any 
point of instrumen’ is by the 
alteration in the quantity to be measured which 
will produce any c w r in the indication of 
instrument. The relative sl or ioe wa, 
at any point is that change of value of the measure 
i site cihotn hn Ent peo pee ae 
indication of the instrument, divi by the initial value 
of the measured quantity. 


intrinsic within the instrument itself, and not ae 
indicative of change in the measured quantity, It. is 
defined as the range, at any given value of the measured 
quantity, of variation in feading whieh may be exhibited 
the instrument under repeated application of the 
same value of the quantity being measured, after a 
ene Seen. or variancy 
is the ratio of range of variation above defined 
divided by the value of the measured quantity iteelf. 
H - Backlash, the a ee 
: (2) operation of w in 
‘and (2) f - ee I me 
’ Tiction, i 2 
tion’ of the ‘Int i " above. 
Moreover (3), in all instruments using any of the var.ous 
forms .of springs as the force or restori 
e ’ 





erenng Fd a time effect, demands special consideration 














224 ENGINEERING, [Fes. 14, 1919. 
The latter effect, however, is uliar to instruments where 
ia Which 6 cemedecnbio tangs of Po ane SOUND FIELDS AND SOUND ANTENNAS.* a = 2+ 27 BAF ag (2 BAS 
ocours di their operation, or in which the i By_W. Hamyemann and H. Hecur. i+ By ~ £4 Qe BAY 
pom the elements of the mechanism are un- Pazr IL.) P 

vourable. The set of an instrument is the amount slg a Hence from the pressure equation, as before, we find 
by which the indicator fails to return to its init.al position In the first part of this investigation (Phys. Zeitechrift, | the log decrement : 

ter # deflection has occurred. The relative or specific | Vol. xvii, page a 1, ey pe Ah ar hg. mathe al 


set is the ratio of this residual deflection divided the 
deflection which occasioned it. 


igible, as ypes 
instruments have the effect of delimiting 
the field of useful application of the instruments. 


The variance of an instrument of characteristics 
ean be defined by reference to hysteresis loo 
obtained cyclic variation of the meas 


ity, against the values of which quantity are plotted 
ing readings (or errors) of the instrument. 
Tn other cases the variance can be expressed by reference 
to a family of bab.lity curves giving the frequency 
of occurrence of each particular reading (or error) for 
@ given value of the measured —, (or, conversely, 
giving the frequency of icular deviations of 
measured quantity for a given reading). 

Calibration curves of wre instruments are presented 
to show the character of the hysteresis loops and the 
nature and amount of variance errors as actually 
determined. 

Instrumental variance may be reduced by simple 
changes in details or simplification of design, the former 
relating especially to the points of jointure in the link- 
work, Im t factors in the ign of such con- 
nections have fa.led of recognition in the development of 
many common instruments. Vibration of some kinds 
of instruments at the time the reading is taken will reduce 
the variance on account of its effect in eer | the 
static friction opposing the motion of the parts of the 
mechanism to the position of equilibrium. 

The amount of variance determined for an instrument 
should establish the optimum sensitivity to be sought 
in its adjustment, and also, roughly, the scale interval. 
High sensitivity or needlessly minute uation, when 
accompanied by high variancy, are likely to be both 
uneconomical and misleading. A working basis for 
determining the sensitiveness to be sought in the adjust- 
ment of the instrument, and the closeness of graduation 
can readily be ished. 





InpustTaiaL aND CommerciaL Activiry in Hono 
Kono.—The Colonial em No. 972, for Hong wT 
for the year 1917, states in the preceding year, 191 
54 vessels, of a total of 10,902 tons ee and 9,377 i.h.p., 
were built 14 firms, whilst in 1917, 26 vessels were 
built, having a total of 24,092 gross tons and 15,507 i.h.p. 
The adds that the Hong von | and Whampoa 
Dock pany had several vessels building which 
are not shown in the total. business done in tin 
showed a considerable increase in comparison with 1916, 
the demand from and America being much 
greater. Imports from Yunnan in 1917 amounted to 
about 11,000 tons, and from Kwangsi to about 200 tons, 
as against 3,000 tons and 1,000 tons respectively in 
1916. vagiy | Ame year, about 200 tons were exported 
to Japan, 1, tons to 8) hai and other China coast 

rts, and 13,000 tons to Europe, Canada and the 

nited States of America. 





Giant SuNns.—Discoursing upon “Giant Suns” and 
on giant and dwarf stars at the Ro Institution on 
Janu 31, Professor H. H. Turner, F.R.8., of Oxford, 
chiefly to recent work on the classification of 
star spectra, and the suggestions made for their explana- 


tion. Direct and photographic determinations of 


matic: 

discussion of a order, which is in the 
form of a pulsating sphere, and we deduced some applica- 
tions of few ne utility. When we consider radiating 
bodies of higher orders, the most interesting are those 
of the first order. So we will now begin by giving the 
deduction of the formule for a radiator of the fret order, 
following Rayleigh’s method. As for radiators of higher 

rders, ior practical applications we need only state 
that in general we can, by a simple system, replace 
these by ies of the first order. 

In the second section of this paper we will use the 
results already obtained for “‘ zero radiators’? to show 
by an example how certain radiators, to which exact 
mathematical calculation cannot be applied, can be 
treated with sufficient accuracy for practical purposes. 

In our third section will be given experimental deter- 





the | minations of quantities of which the calculated values 


have also been deduced mathematically, thus checking 
and confirming the theoretical results. 


§l. Tuzory or RapiaToR oF THE First ORDER. 


In order to treat mathematically the radiators of 
the various orders, Rayleigh chooses the spherical 
form and expresses the velocity pot«ntial as a spherical 
harmonic. radiator of the zeroth order is repre- 
sented by a sphere, every part of whose surface is moving 
in the same phase and with the same amplitude. We 
call this a pulsating or breathing sphere. ‘Lhe radiator 
of the first order is represented by a sphere oscillating 
to and fro about a ition of equilibrium. While with 
&@ radiator of ze order only a radial movement of 
the medium is possible, with a first order radiator there 
occurs also a tangential movement of the medium, 
which contributes nothing to the radiation. We will 
call this tangential mo t the slipping of the medium. 
The slipping movement is only a to and fro displacement 
of masses not occasioning pressure and becoming 
acoustically effective, while the radial movement is the 
real motion giving pressure and radiation. How much 
of the total movement is slipping motion and how much 
is radiation motion depends on the ratio of the size of 
the radiator (of first order) to the wave-length; the 
smaller the radiator the more is the slipping. Even 
with radiators of zeroth order there is also real slipping, 
but this is otherwise distributed in the medium and 
becomes great if the radiator is so smal] that the 
divergence (i.e., the increase of section through which 
equal amounts of ene enter) is large in the s of 
one wave-length in the direction of the outgoing saliation. 

We proceed now to put into another form the force 
equations obtained by Rayleight for a radiator of the 
first order. 

In the case of the radiator of zeroth order we derived 
the pressure equation from the fact that the pressure 
is constant over the whole surface, but we must proceed 

uite differently when we consider the radiator of the 

t order in which, as we pass from the poles to the 
equator, the pressure falls off from the maximum value 
down to zero, the oscillations being in the direction of 
the polar axis. We have then to integrate over the 
whole system. 

As in Part I of our paper, we shall alter Rayleigh’s 
symbolisation, writing w/a for x, R for c, k for #, 
and a and § for p and g. The force equation then 
takes the form: 

0% 


4n 
kom — Ripa © 
any ot 
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perallaxes had ht us much about the distances of | * Translation by Mr. Albert Campbell of @ paper 
stars, and the studies of double stars also about their | Published in the Physikalische Zeitschrift, of June 15, 
masses. In brightness and masses two binaries of a star 1917. The translation of the first part of this paper 
system mostly did not differ very much ; yet Procyon | ®P ared on page 756 of our issue of December 27 last, 
was 26,000 times brighter than its dark companion we reproduce from it a list of the symbols used by 
and had only five times its mass ; in Castor the relations | the authors. They are as follow :— 
were 2} to 1 and 1 to 20 ae in Sirius 400 to 1 | NomENcLaTURE. 
and 2}to 1. The classification of star spectra aimed at & = instantaneous value of the displacement. 
connecting the spectrum with the temperature of the A = maximum value of the displacement. 
surface of the star (we knew nothing about the interior). * = instantaneous value of the velocity. 
The most systematic classification work was done by I= maximum value of the velocity. 
Mies A. Cannon, at Harvard. It was believed’ that the | Speaiperee eenanter toner 7b sueend. noregay 
red M stars had a temperature of about 3,000 deg., and = maximum value of the pressure. 
ee ee to| Vo and Po = corresponding values of volume and 
4,000 +» 5,600 deg., 10,000 deg., and 20,000 ‘ pressure. 
and even higher in O stars. Now W. W. Camp V = maximum value of change of volume. 
had found in 1910 that the velocity of the oldest stars ..— . 
which were then believed to be the coolest was higher = compressibility factor. 
than that of young hot stars. But it was also observed « = ratio of specific heats. 
pan a a i ned that onan be oe > as on none oe on 
in ity, it see i nm = frequency (c sec.). 
and dwarfs in each class. In 1913 H. N Russell and w= 2rn. af” 

\ = wave-length 


had been con Ww. 8 by the.study 
of the relative fluctuations in intensity which certain 
lines showed in spectra of the same c A. 8. 


¢ = phase angle between pressure and velocity. 
r= Satan from crue ai sound. - 
L = intensity of sound oad 
La = intensity of sound for surface of sphere. 
M = oscillating mass unit area. 
Mz = oscillating mass for surface of sphere. 
6 = “ Damping factor.” 
5 = damping (i.c., log decrement). 
w = electric resistance. 
Tl = electric self-inductance. 


unit area. 


= velocity potential. 
= elasticity (modulus). 
t Rayleigh, “‘ Theory of Sound,” vol. ii, §325, page 248, 





second edition. 





a= 5 BS pn B/2 x = Ri pa= rn 8B/a, 


and the damping : 
O=rp/la=-x _(2 = BA) R/ 25 
2+ (2 e R/AR 
This expression for the os takes form 
when (2  R/A} is either small or co with 2. 
In these two limiting cases we have : 


On <n = 47 (BA! 
and On >> = 2 8 (BP). 


The formula for a radiator small compared with the 
wave-length shows that the damping is proportional 
to 3, and thus gives an anal with antennas for 
electromagnetic oscillations, which in our terminology 
must also be called radiators of the first order; but in 
the formula for the radiator large compared with the 
wave-length we recognise the damping formula for the 
zeroth radiator. This is easy to understand from the 
physical point of view, since for the first order bodies 
of at least the size of a half wave-length an appreciable 
slipping motion can scarcely occur, and it is the absence 
of such motion that is characteristic of zeroth order 
radiators. The sound fields of the zeroth radiator and 
of the first order radiator of size large compared with the 
wave-length are actually quite different: the first is not 
polarised, while the second is polarised in the direction 
of the axis of oscillation. 

How far the simplified damping formuls' for the 
radiator of the first order are valid is seen from Table I, 
in which the first column is the ratio of the size of the 
radiator to the wave-length, in the other three columns 
the damping calculated by the formula for bodies of any 
given: size and small or large relative to the wave- 








length. 
Taste I. 
A _* (2n B/AP 4 wt (B/A)3 2 w2 RA 

BY 1 + (2 R/aAp (By 

1-0 10-0 390-0 20-0 
0-5 8-0 49-0 10-0 
0-2 1-7 8-1 4-0 
0-1 0-32 0-39 2-0 
0-05 0-048 0-049 1-0 
0-02 0-0031 0-0031 0-4 
0-01 0-00039 0-00039 0-2 














Thus a first order radiator from 0-1 downwards 
may be taken as small, and from 0-5 \ upwards as large ; 
for the range between 0-1 A and 0-5 A the exact 
formula must be used. 

The last column also gives the radiation damping for 
a sphere of the same size oscillating cophasally at all 

ints. We see from columns 2 and 4 that the @ of a 

y of first order, where R/A = 0-02, is only 1 per 
veers different from that of an equal body of zeroth 
order. 

The covibrating mass is found from the force equation : 


thus : 
M = 4r Rep 2+ (27 RAL 
3 4 + (2 © R/Aj* 
For the two extreme cases, as before : 





2x 
M, < gk": = Be 





and 4 
R Xep 
M,. mas aa 
2. Tazory or MEMBRANE 48s RapraToR oF ZEROTH 
ORDER. 
Rayle (“Theory of Sound,” vol. ii, 2, page 162, 
second edition) discusses the problem of the vibration 


of a stiff circular plate filling a circular hole in an infinite 
te. 


—o pla 
mathematical treatment is difficult and only 
gives simple results when the vibrating plate is small 
in relation to the wave-length. ‘ 
We shall consider only the case most wanted in 
practice. Here the pressure and movement of the 
medium at the surface of the membrane sre quasi- 
stati , and the equations of pressure of the “ piston 
membrane,” as we shall call Rayleigh’s plate, take the 


form : 
8 ae + rae 
Se Ot a ae, ‘ 
{Here we have rn 
as 


¢ for velocity = 
If F = area 


p= Rep 


for x = nja, p for « and 


put 
used by Rayleigh.] 
of radiating surface : 





diz 8 oe F 

p= ir Je Fo-ay + 2raeyt 

Now let the plate radiate, not as hitherto in the hel! 
space bounded @ rigi jane, t in a medium 
infinitely novatr ¢ in all irectione 5 but with, as before, 
only one side of the plate meeting the medium, while 
the other side is covered with an enclosing cylinder, also 
small relatively to the wave-length. Then we can 
deduce the f consideration. The sound field, 


which a radiator of zeroth order in a rigid partiti on 
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sets up in the half space, is equal to the sound held 
whieh bee cophasal raliators of zeroth rege 2 equal TABLE I. Ab: L 
magnitude (cetevis paribus) sets up in whole space, | ~~ ° ¢ r Ta ) hk j 
assuming that their distance apart is small compared | ion Oscillation Mass. 
with the wave-length. Hence the sbove pressure — Equation of Curve. Volume. Form Factor. | 944 af (f)* eau. Mass Factor. 
equation represents also the case of two radiators of =2*n Sf yrde. h 
magnitude F or of one radiator of itude 2F in a Bee ‘the 
free medium, since the —_ = oo ir ; ; 
relatively to the wave-length allows this simp’ ition. F. _#£ 1 PSB aly l ida R2 1 toa 
Hence the equation of a piston membrane of om dinsie (0 4) "eal yo goes Aa % 
magnitude F in a free medium is : 
oe ae = pot F; Elastic curve of a‘beam |, _,[) _ » /#\2. o/#\* , R2 = O58 © ge R 7: ou 
p= -a/¥ exe trapry. Samped at bolh nde y= f) 3 (i) +2 (3%) | O8Ae /63 = & pide J sx 
We shall compare with this the pressure equation of a| mid-point. ° 
spherical zero radiator of "rE sapecniy Se ie Mahan tite lh 
e wave-length. From Part I of this paper we find | piastie curve of unl- . sane w\e 1 ay i arab 
for this special case : ‘ : formly loaded beam. y=Afi-2 (§) + (@) g4*@ EB te: 5 dem i te 
p= Ret +ap ye = 
8 J =a = _»\Saere | Mow = 008) (1 — 2\ nae re | M08 = O55 
If we also introduce here, by the relation F = 47 R2, ostieoaies duteeess 2k (G 1) 5 “ (3 ae @ . 
the magn tude of the radiating surface, then the pressure = 0°46 Aw R2 = 0°30 pl d w R2 
equation of the spherical rad.ator is : ea peel i 
P= pore 0m / FP a + rapyi. the centre of the membrane ; the first term is a wattless | represents only the value of the radiation damping. 
24" ot X force, the other a watt-force. The quantity 0-4 Rép,|It takes no account of internal or wasteful damp ng, 
Thus the two equations are : when multiplied by J@/2, gives the “idle vibrating” |or of useful damping produced by the brake effect 
= 0°34 = of F. energy of the s m, if J is the maximum value of ¢;| of special additional arrangements such as microphones 
Pout = P Jt Baha ws hence we call 0-4 Rp the co-oscillating mass of the|or telephones; they would give, in the osc llation 
34 F ium. . cqreres. oe —_ M. the form w é, where_w 
once t : R il ay may be ed the acoustic resistance. w, 
Papers = 0728p J Fo + wa pos. The quantity 4 @ p Re ( =) multiplied by (J/-/3)%, ée. |" YF we cone der agan the case of @ metal membrane 
Thus we find for so differently formed surfaces as a| J%., gives the energy given off by the system in the in air, the radiation damping has the value : 
piston membrane and a sphere a very approx mate|form of acoustic dynamical work; hence we call 8=5 R M 
agreement when the dimensions of the ator are small Re : "se ; r ' 
compared with the wave-length. The actual rad at.on | 4p R® ( x) the acoustic radiation resistance. =D ais wid {Mand m: 
terms of the two equations are perfectly identical, and ‘ en Fare substituting the values o m: 
the terms arising from the co-v.brating mass differ from| In order to find the complete equation of oscillation sa5k O4R5p _goR® 1 pe 
one another by only about 20 percent. Wecan therefore | of the membrane, we have to br ng in in addition the ules ee me + ee: eet Ee 
mn X O29 Ridp pl 
solve approximately many problems of pract.cal | forces perta ning tothe membrane itself. The elasticity C . ‘ dy 
acoust.cs for which the voaeiey potent'al cannot be|of a membrane rigidly clamped (at the rim) does not Since for this case the frequency is given by : 


stated and of wh ch rigorous mathematical treatment is 
very difficult, by the help of these two cases. 

As example, let us take the case of a circular membrane 
rigidly clamped at the rim, wh.ch allows us to compare 
the results obtained from this theory with those given 
by rigorous mathemat.cal deduction, and also to check 
them eas ly by experiment. 

We shall choose the numerical coefficient in the 
pressure equat.on of the piston membrane according 
to the kind of curvature and boundary possessed by 
the radiating surface. 

From the pressure equation of the piston membrane 
we find the force equation by integrating over the whole 


surface 
8 —. F \2. 
k= ——_—— FF ot rae(s i 
3y2a Jr v oot x 
where & is the total force caused by the motion of the 
medium and acting on the whole piston surface. 


If we reintrod the radius instead of the surface 
area, then : ‘ 
k= pid BS p Si + wapRe(F\is. 
3 y2 ot » 


Let us now consider the piston membrane to be 
replaced by a circular membrane r gidly clam at the 
rim. This membrane w ll correspond to the piston 
membrane when both have the same displacement 
volume. For the piston membrane this d.splacement 
(or deformation) volume is t R2h. To find it for the 
rim-clamped membrane we must know the curve form 
of the deformed membrane, and this form depends on 
the clamping, the nature of the ation of the forces 
brought into play by the deformaton, &c. We shall 
assume several probable curve forms, calculate the 
deformat on volume for each, and then decide on a 
mean form factor with which we shall carry out the 
further calculat ons (of this example). 

For this we take four curve forms, namely, a simple 
cone, an elastic curve of a beam clamped at both ends 
and loaded in the middle (see Hiitte, vol. i, pages 566 
and 568, 1911), a uniformly loaded » and a sine 
curve, 

In Table II are given the deformation volume, the 
osc.llation mass and the form factor, where :— 


Deformation volume of a piston membrane of 
equal ampl.tude = (form factor)? x area. 

Osc.llat.on mass is the effect.ve mass of the 
membrane taken at the centre of the mem- 
brane. 

Effect.ve mass = (mass factor)? x total mass 
of membrane. 

(The mass factor will be used later on in deter- 
mining the frequency of the diaphragm.) 

_It will be seen that all four curve forms are very 
similar in results. Let 0-6 be taken as mean form 
factor, near that of the most probable curve (No. 3). 
a will be shown later that the experiments justify this 
value. 

— Se “y™ pe maser of the piston membrane we 
obta n that o € membrane by putting 0-6 R 
in place of R, namely : sy Pie 

k= 8x oo RS p o¢ 
3/2 ot 


k= 04R3p O45 4.4 R\; 
Pat apke x 1 


This express‘on for 
the movement of the 





+ 7 x O6tap Re (E)é 


or 


k represents the forces arising from 
medi oe 


um, where i is the velocity o | 


depend only on the dimensions and mater.al of the 
membrane, but also in great measure on the tensions 
and small deformations. 

Tt is scarcely practicable to give an exact numer'cal 
value ; we may take, for example, that given by Hitt: 
(page 621 (1), 1913) for the case of a plane membrane 
free from tension : 

_ 0-22 Re 


-  @E 


where E is the elasticity and d the thickness of the 
membrane. 

In order to calculate the oscillation mass of the 
membrane, namely, the fraction of the whole membrane 
mass to be taken as vibrat.ng concentrated at its m ddle 
po nt, we must form the integral of the square of the 
amplitude rat o into the masselement. This calculation 
has already been carred out for four different curve 
forms (n Table IT). As in the examinat on of the force 
equat on, we decide again for the curve form of a 
un.formly loaled beam with both ends clamped, and 
choose as mass factor 0-45. Exper ments descr. bed 
below will prove the correctness of th s choice also. 

Thus we first assume the oscillat.on mass (m) of the 
membrane to be: 


m = (0°45 Rj? rd pl, 
where p! is the density of the material. 


If e is the impressed force ma.nta ning the oscillations 
of the membrane, we obta.n the complete force equat.on : 


e = (0°4 R2 p + 0°2 r Red pt) Oi peapma(S) e+ 


paso 


From this equation we can find directly the quantities 
that interest us, such as the co-oscillat.ng mass of the 
medium, the frequency and the damping. The co- 
oscillating mass of the medium is : 


BE 
0°22 Re 














M = 0.4 R2p, 
the frequency (neglecting the effect of damping) : 
a ave GE 
"= 22 'V 0.92 Re (0-4 Bp +02 + Red pl) 
and the log decrement : 
4ap R2(R M 
b= tem = Le Ep! oa 
= 5B. a 
A Mam 


If we can neglect the mass of the medium relatively 
| to the mass of the sayy my «8 mate be done 
for metal membranes in a.r, then the frequency : 





n= * V@ E/022 Re x 02 & Redpi — 048.6,V [p. 


(Of course, this is only strictly true for vacuum.) 

As we have ady ment oned, thse formula for 
obtaining the frequency of membranes in ar is inexact 
and untrustworthy on account of the uncerta nty of the 
assumed value of the elaste ty. In pract’ce we invert 
the procedure and always try to determ ne the frequency, 
in order to find the elast c.ty from it and the oscillat.on 
mass, wh ch can be rigorously est mated. 

The express.on for the damping : 


M 
Tp. 





sas, 
N 


ono 4/E. 





by substitution of this value we have for the damping 
0-43 JEjpl 1 6 
= 33 Ow lL > 
. n A ph a J pis 
where a is the velocity of sound in air. 

We thus obtain the very interesting result that, 
assuming the mass of the membrane to be large com- 
pared with the co-osc:llat.ng mass of the air, the radiation 
damping of membranes is independent of their size and 
acoustical pitch, and only depends on their materual. 
The damping increases with ratio of the elasticity 
to the dens.ty. In order to attain large damping we 
must therefore choose the material from this po.nt, of 
view. 

If we insert the values for air : 

a= 33,300 cm./sec. 

p = 0-0012, 
the damping becomes : 
8= 5 x 10- /Eipis 
For bronze membranes with : 
E = 1012 dyne/sq. cm. 
pl= 8-5 
we have : 
p = 0-002. 
The ~~ of membranes in air is accordingly very 
small in cases. Snce the wasteful damp.ng by 
internal fr.ction is of the same or greater amount, ao 
determinat.on of the damp.ng in air would not be 
su.table for check:ng our damp.ng formula.* We there- 
fore choose water as med. um, in which, as we shall see 
immediately, cons.derably greater damping is to be 


e ted. 

Tn order to investigate how the damping of a membrane 
in water depends on its magnitude, we have calculated 
the thickness d of a bronze membrane for various values 























of radius R for fixed density and giving a frequency of 
1,000 cycles per second ; col. 3, Table TH, gives the mass 
Tasre IT. 
Oscillation |Co-cecill Mem brone 
R. a, Mass Mass é. 
lof Mombrane.| of Water. | Water Mass. 

1 | 0-0161] 0-086 0-40 | 0-21 | 0-029 
2 | 0-053 1-18 3-2 0-35 0-052 
8 | 0-108 5-2 10°8 | 0-48 0-071 
4 | 0-178 15-2 25-6 | 0-51 0-088 
6 | 0-36 70-0 86-0 0-81 0-116 
8 | 0-61 208-0 204-0 1-02 0-138 
10° | 0-92 490-0 400-0 } 1-23 0-167 
15 | 1-93 | 2.320-0 1,350°0 | 1°72 0-193 
20 | 3-1 6,650-0 8200-0 | 21 0-226 
of the membrane, col. 4 the co-oscillating mass of the 
medium, column 5 the ratio of membrane mass to medium 


mass, and column 6 the damp.ng 3. From this table 
it will be seen that the damping seems to h 
lim.ting value. The reason for this is that, as the radius 


"* It is also for this reason that membrane transmitters 
for air can only be constructed with very small efficiency. 


Sirens are sound transmitters of greater intensity ; their 
radiation output can be calculated by the formula for 





zeroth radiators with slight transformation. 
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is increased, the membrane mass gradually becomes 
great relatively to the medium mass, and so the relations 
become the same as we have already shown to hold for 
air; in particular the damping then becomes only 
dependent on the materia] of the plate. In every case 
we see that the damping is greater than in air. For this 
reason, as we have already mentioned, we have carried 
out our experiments for the proof of the damping formula 
in water as medium, 

As we have already shown, the formula for the radiation 
damping in water is : 

3-5 M 
A M+m™ 

In order to avoid the uncertainty which, do what we 
will, remains in the calculation of the masses M and m, 
and which very often is increased by the arrangements for 
the measurement of the amplitude (telephone armature, 
&c.), we can replace the ratio of the masses by the ratio 
of the corresponding frequencies. If ma and nw are the 
frequencies in air and water, then : 


= ("*)'. 
ra o8[ (2) 


This is the most suitable form in which to express the 
damping for the purpose of checking it by actual 
observations, 

Before we proceed, however, to check our theoretically 
deduced values by experiment, we will compare the 
value of the power indicated by a membrane, as deduced 
from the force equation and the form factor, with the 
value obtained by M. Wien by other direct methods.* 

In the paper we have mentioned, Wien considers a 
membrane fixed in a rigid wall and set in motion 
(“excited ’’) at its centre ; he finds the energy A, which 
it sends out at a given distance three unit area in unit 
time, to be given by the formula : 


m Nw 
M+ m™ Na 
or 





ed. (0.147)2 po k wt ag? R4 
2 ad r2 ” 
where a = velocity of sound. 
r = distance from plate. 
pe = aif pressure. 
= ratio of specific heats. 
a9= amplitude of middle point of plate. 
(By a printer’s error R4 had been omitted in Wien’s 
“——- paper.) 
ince : 
a= kJ polp 
and 
wag= J, 


the equation becomes : 
A — (0.147) p wt R4 Je 
2ar2 : 


The whole of the power radiated by the sounding 
yop a hn space is found, by multiplying this by 
wr, to 


L = 493 x (0.147)22 . n2 R4 Je 
a 
= 2.7 a p R (R/A)2 JR, 
The force equation of the membrane, which is the 
basis of Wien’s mathematical investigation, can be 
found from the equation of the piston membrane by the 


introduction of the form factor 0-55, which is taken 
from Table ,IT for a force applied at the mid-point. 


Thus ‘ 
b = § Xx (0.56)8 RS p 2! +2 45 (0.55)4 a p RE (=): 
ot X 
ra Gi R\?. 

b= 0.44 BS pO! + 5.6 0p Re (=) i 
The power radiated is found by multiplying the radiation 
resistance by (I/./2)2: 

R\2@ 

x) 


L = 2.8ap R ( 
whieh is in good agreement with Wien’s value given 
above. 


§3. ExezseatmentaL MupasvUrneMents ON MEMBRANES 
1. Co-oscillating Mass of Medium.—Since the co- 
oscillating medium’ mass in air is small compared to 
the mem! mass, we chose water as the medium for 
the ¢ imental verification of our theoretically- 
deduced formula. The co-oscillating mass in water was 
experimentally determined with a number of membranes 
of different radii and thicknesses and also different 
frequencies, and then in air the t amount of mass 
was fixed to the mid-point of the membrane to bring the 
pitch back to what it had heen in water. 
In Table [V the results obtained are compared with the 
ulated values. 


Assuming that M is pro 
the membrane radius, i.¢., 
mean of all the observations : 
2 = 0-53 
y= 2-7 

as against the theoretical values : 
@= 0-4 
y =[8-0 

As the observations were by no means precision 
measurements, but merely “ technical '’ determinations, 
the agreement with the theory is satisfactory. 


c 
of 


ional to some 
M d as the 


= «2 Rv, we 





*M. Wien, “ Pfligeos Archiv fir die ges. Physiologie,” 





























; Tasre IV. 

R M_ |M.Cal-M.Obs 
cm. > - Obsd. Caled. M.Cal. 
2-1 2,140 3,120 4-5 3-9 — 0-15 
2-1 1,465 2,240 3-8 3-9 + 0-03 
2-1 1,160 1,820 5-0 3-9 — 0-28 
2-1 940 1,410 3-2 3-9 + 0-18 
2-5 490 670 5-5 6-3 + 0-13 
4-0 1,240 1,880 23-0 22-0 — 0-05 
5-6 1 1,800 60-0 56-0 — 0-07 





2. Oscillation Masses of Membranes.—Added weights 
were put on three bronze membranes in air, and the 
frequency was determined after each addition. 


If % = frequency without load. 
m» = frequency when loaded. 
m = oscillation mass of membrane. 
and s= mass, 
then 
( no y _m+2z 
Nd m 


= «((2)-1] 


We chose this method because the uncertainty in the 
calculation and determination of the elasticity (as set 
forth above) forbade us to use the direct method of caleu- 
lating the oscillation mass from the frequency of the 
unloaded membrane. 

The results of the experiments are given in Table V. 














Tasie V. 
Thick- 
Radius, ? n. m 
Cm. — Density.| 2. ~™ /sec. 5 (mean). 
2-1 0-06 8-5 0 | 1,840 — 
2] 1,200 1-48 
4 960 1-50 
1-49 
5-1 0-3 8°5 0} 1,760 — 
11 | 1,560 41-0 
30 | 1,350 43-0 
56 | 1,145 41-5 
74 | 1,045 40°5 
109 920 41-0 
145 840 42-5 
41-6 
5-6 0-3 8-5 0-0 | 1,810 _— 
2-5 | 1,765 50-0 
5-0 1,710 41-5 
7-5 | 1,670 44-0 
10-0 | 1,640 45-5 
15-0 | 1,585 50°0 
23-0 { 1,530 50-0 
48-5 























To find the mass factor f for the three membranes we 
have the three equations : 


1-49 = m x (2.18 x 0.06 x 8.5/2 
41-6 = © x (6.1)2 x 0.30 x 8.5/2 
48-5 = © X (5.6)2 x 0.30 x 8.5/2 


and hence the three values are : 
f = 0.46, 0.45 and 0.44, 


giving a mean value 0-45, which is identical with the 
value calculated for the curve form of an end-clamped 
uniformly loaded beam. 

The frequencies of these three membranes differ from 
the calculated values for reasons some of which we have 
already mentioned (internal strains, mode of clamping, 
assumed elasticity, &c.). If for bronze, we take 


E = 1012 dyne/sq. cm. 
pl = 8.5 


and 


then 


Noronse’—= 160 X 108. S 


In the following Table VI the observed and calculated 
values are compared. 





We convinced ourselves of the constancy of the rectifier 
and of the proportionality of the deflection to the square 
of the vol by means of frequently repeated tests 
with shun voltage (from an alternator) which was 
directly measured by a voltmeter. 

The diaphragms were placed in air and in open water 
in the sound field of an acoustic transmitter, which was 
excited by constant force at various frequencies. 

Its natural pitch lay so far above the highest frequency 
used, that the effect of its own resonance did not require 
to be taken into account. The resonance curves obtained 
were used for the determination of the decrement from 
about 0-8 to 0-2 of the maximum deflection, and gave 











values in good agreement among themselves. The 
results are given in Table 7. 
Taste VII. 

—e = dagen, Nwater. dair. Swater. 
2-1 0-06 1,312 1,000 0-009 0-050 
2-1 0-065 1,542 1,170 | 0-011 | 0-053 
3°3 0-13 1,750 1,137 0-032 0-113 




















We should mention that for the first two diaphragms 
the damping in air was measured with their natural 
“gir tuning,” but for the third the measurements in air 
were made with the “ water tuning ” for which an added 
weight was used to bring the pitch down to that given 
in water. is had to be done, as its damping was. 
strongly influenced by co-oscillations of internal parts. 
is procedure is distinctly to be preferred to that used 
with the other two diaphragms, since we should in- 
ban nye ery J presuppose, as was found to be the case 
here, that there are no disturbing resonances in the range 
of frequency dealt with. 

From the observed values of the damping in air and 
water we find the radiation damping in water as follows. 
The damping measured in air consists of three parts 
due to radiation in the air, dynamical hysterisis (interna! 
waste) and magneto-electric effects. Thus, if we first 
subtract from the decrement measured in air the calcu- 
lated amount due to radiation, namely, 0 -002,* we obtain 
the amount of the electromagnetic and dynamical 
hysteresis damping for air tuning. 

In order to correct this amount for the increased 
oscillation mass when in water we must multiply it by 
the square of the ratio of the frequencies in water and air. 
Subtracting the result from the observed value of the 
water damping, we obtain the radiation damping in 
water. 

Table VIII gives a comparison of the values thus 
deduced from the observations with the values calculated 
by the formula : 














dad * Set 9, 
r Nair 
Taste VIII. 
k 2 | bet tae 
Cm. Obsd. Caled. difference 
2-1 0-031 0-031 0 
2-1 0-041 0-036 + 14 
3-3 0-083 0-076 + 9 
The mean difference (8 per cent.) may be taken as a 
good proof of the mathematical theory. As the 


differences are positive, it is possible that other damping 
effects (e.g., due to the friction of the surface of the 
diaphragm with the water) should have been taken into 
account. 





JaPANESE COMMERCIAL Mission.—Mr. Yamashina, 
a former member of the Lower House of the J 
Diet, and accredited representative of the Tokyo 
Chamber of Commerce, is in London. He has had 
conferences with the London Chamber of Commerce 
and with the president of the Associated Chambers of 
Commerce of the United Kingdom, and has discussed 
with them the of the development of the 
trade of Great Britain with Japan. The interviews were 
entirely satisfactory, particularly as the desira- 
bility of ~— relationship between Chambers of 











3. Measurement of Damping.—For the determination 
of the radiation damping -the same three bronze 
diaphragms were used. A small iron armature was fixed 
to the mid-point of the diap and a telephone 
magnet was fixed to the rim which, relatively, remains 
atrest. The voltage induced in the coils of the telephone 
magnet by the vibrations of the diaphragm was measured 
by means of a crystal rectifier* and a galvanometer. 


*The rectifier was of silver-molybdenite, known in 
radio te hy by the name of Hornemann detector. 
It was not adjusted to its maximum sensitivity, and thus 
for months it argh enpetens to about 10 per cent. The 
sensitivity of this measuring arrangement was not 
determined absolutely, but by comparison with highly 
sensitive telephones was found to be of the orher of 








vol. xevii, page 1 (1908). 





Taste VI. ree the two countries. Mr. Yamashina 

intends to leave London next Tuesday for France, Italy, 

S % seme woe? gore — a pe to preening 

closer commerci jons between Japan ose 

Gant, Caled. es countries. He will return here by April, and will then 
P d to America, via Liverpool. 

1700 P90 4 SHIPBUILDING IN SHaNGHAI—There are immediate 

1,810 ,430 0-79 pecepents of something like 25 ships being built in 

i in the immediate future, says The and 


China Telegraph. Contracts for all of these have not 
signed, but the contemplated activities of yards 


yet been L 
in 8 i justify such an estimate. The matter is 


of si cee to this port, as it serves to show 
what are exactly its capabilities as a shipbuilding centre. 
The ter portion of the work must, of course, be 
loo. upon as closely connected with the war. Conse- 


quently, it is not a true indication of what Shanghai 
has to expect when normal conditions again prevail. 
But the facts obtained during inquiry by a NV’ China 
Daily News representative lend some support to the 
belief that work done upon correct lines might well 
lead to the establishment of a very considerable ship- 
building industry along the banks of the Huangpu. 





* This is allowable since the calculated air radiatio 





pyth to ~}sth of their sensitiveness. 


damping is only a small pereentage correction on the 
owas water radiation damping. 
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SELEOTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOT OF 1907. 


The number of views given in the Specification Drawings is stated 
nen ed where none is mentioned the Specification is not 
illustrated. 

W here inventions are eS Se eet, the Name, &c., 
of the Communicators are given in ital 








‘ Specifications may be obtained at the Patent Office, Sales 
“Branch 25, ne Chancery-lane, W.C., at 
the uniform 


The date of Poca & of the oven of a cote 

Ss n is, in each case, given after the abstract, 

Patent has been sealed, when the word “ spooled” te epponded, 

Any person may, at any time within two es ae 

the “dy A acceptance of a Complete S: 
notice at the Patent Office o, apposition to the grand of @ 

Patent on any grounds mentioned in 


ELECTRICAL APPARATUS. 


121,170. Bruce —. and Company, — a ~ East 
and H. E. Webb, London. Dynamo 
Electric Machines. (7 Figs.) December 8, 1917.—This 
invention relates to such dynamo electric machines as comprise 
two axially-se poeees rotors or armatures mechanically con- 
nected by a shai journalled at a point between the rotors or 
armatures in a fi bearing and ween which rotors or arma- 
tures electrical connecting conductors have to be carried Wer 
the shaft. According to the present invention, the bore of t 
shaft C is fitted with a series of suitably-spaced solid or other 
suitable insulators G, perforated with a series of ————, 
disposed holes through which solid or stranded bar conductors 
are carried ; said conductors passing out radially at the ends of 
the shaft and being provided with end connectors by means of 
which they are mechanically and electrically connected to the 
respective rotor or armature windings. In the preferred form, the 
intervening length of shaft C and the bar or stranded con- 
ductors H rigidly held in place therein by the solid or other 
suitable insulators G, are constructed separately from the rotors 





or armatures A, B, to be connected, the shaft C being provided 
with half-couplings D, D1 at the ends, and the said -couplings 
being provided with radial channels through which the con- 
ductors pass out from the bore of the shaft, so that the arran 
+ ment forms a self-contained structure adapted to m 
and electrically connect the rotors or orenatunes together 
to provide a journal for the intermediate bearing. The half- 
couplings on the respective rotors or armatures are so constructed 
that the conductors thro them axially at some distance 
from the centres; the conductors are, of course, sym- 
metrically circumferentially and the ends are provided with 
sweating connectors to take the connections to the rotor or 
armature windings a mi ion, the shaft is 
integral with one = the rotor or armature shafts, 


and the end is 
fitted with a half-coupling thr which the conductors pass 
out as described, the other end of the said conductors passing out 
through obliquely or aa ways C2 in the 
wall of the hates °t the arrangement ot! ise is as described. 
(A December 18, 1918.) 
121,217. AL geet ynamo Company, 
Limited, and A. H. Bennett, Shipley. Brush: 


Holder. ( Fige Figs ie) * January 26, 1918. —The present invention 
relates to brush- ers in which each brush as it wears away is 
fed forward by a plunger controlled by an internal spring enclosed 
in an outer tube with a vertical slot pene offset notches cao 
with a pin carried on a SS a for the adjustmen 

of the spring pressure on the on. ccording to an present 
invention, the headpiece carry tube containing the spring 
pressure plun: mt is wd in such a manner as to make 
said tube capable of moved widely clear of 
the brush for aie. or inspections, while provision is for 
maintaining the tube and oe ee in a radial position when in use, 

1 indicates the plunger controlled by internal spring pressure 


2. 





Fig.7. 


3 “ 
é’ ~ 


ry 


— 


mounted in an outer tube 2 with a vertical slot 3 and also offset 
notches 4 co-acting with a pin 5 for the adjustment of the pressure 
behind the plunger 1. Each outer tube, with its pl r, 
into a Rene arn 3 6 fitted with two pins 7 and 8, set set off the 
of the tube 2 on Se ee sides, as shown 


“ i 


SS 


4 
i 














the thickness of the jaws. 
owing to the latter at 10, is free to ~~ one 
the bracket when the pin 7 is used as the pivot. 

movement of the pressure plunger 1 and its outer Tube ‘oie 
swung forward for the renewal or inspection of the brushes, is 
shown in dotted lines, the pin 7 acting as the pivot, while the 
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pin 8 leaves the slots 10 in the bracket 9. When the unger 
set radially, the pressure on the brushes, and the of the 
being set set off the centre of pressu the pin 8 in the 
the slot 10 and maintains the tube and plunger in a 
radial position. (Accepted December 18, 1918.) 
121,218. 


G. A. Jublin, ae Peck, Altrincham. 
Dynamo Electric Machines .) January 29, 1918.— 
= invention relates to ak. electric machines of the ki 
= ieting —s is su 


sprain yrrBe ne to the invent: on a valve is —— 
air duct, which is automatically closed when the machin 

ive due to a breakdown in its w 
dynamo lectels machine 1 is supplied eye a -_ 5 alt 
which, after passing through the machine, XY exha' 

an outlet duct 3. In the inlet duct 2 is provided a sliding 
damper 4, which can be held in its raised position by means of a 
pi trigger 5. A tail of the trigger ae adapted to be raised 
so as to cause the damper to be released by means of a solenoid 8, 
which acts upon a magnetic core provided with an extension 
which the tail when the is The 
solenoid is connected in the circuit of a suitable source of energy 


Fig. 2. 
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oaewes) 


in such a manner that when a breakdown in the machine occurs, 
the operation of the protective r, such as the well-known 
“ Merz-Price” protective gear, which causes the disconnection 
of the machine from the circuit, will at the same time cause the 
solenoid to be oe, thereby operating the tr r to release 
the damper, Mt my is by its own weight and cuts off the ovtded 
of air through the duct 2. The solenoid circuit ma 3 ns 
= a@ manuall A switch, through whic 

— from a suitable source at any time it is Geatred toe 
the , or it may be arran in connection with any device 
for cuttl "off the excitation from the machine which ma y be 
provided, so that when this device operates due to a fault in in the 
generator i the solenoid is energised and the dam 

A col it way po ees this is to connect 

solenoid in cones or parallel with the coll of the field circuit- 
in series or 


breaking device, or it may be conn 
disc provided with ts, 1a 
December 18, 1918.) 





with the resistance 

circuit-breaking device. (Accepted 
GAS ENGINES, PRODUCERS, AND HOLDERS, &c. 
121. ° H. N. Bickerton, Acpaen-enteelgee, and 

A. ie netmatoed. Ashton-under-Lyne. Oil Engines 

1 Fig.) March 21, 1918.—The invention relates = engines of 

semi-Diesel type: The invention consists 
between the main oop os Se sa nsectton pian 








by a cam 10 acting 


operated a lever 11. The 
set sorew 14, and itis manta 8 is adjustable by means of a 
maiehehned in contact with this set screw 
5. Si, ~~. — 2 is os we bor be 
seat y means 0! spring an 
ned agate ed by the ition of a set screw 18. The 
aa of the device is) as follows: Oil is delivered by the 
ump 1 to the chamber 3. The plunger 8 then moves 
forward, a operating cam 10 being so vsneod a with relation to 
the cam 6 that 1 motion of the plunger 8 does not take place until 
the fuel pamp 1 has delivered oil to » A chamber 3. The oil from 
the chamber 3 is thus forced 4 under sufficient 


ney to lift the valve 16, ieee the — is injected from 








he orifice 2 into the main engine ¢! or 2 . Immediately 
the requisite amount of fuel determined the travel of the 
r 8 has been injected through the the ores te valve 16 
closes so that ~ of oil into the engine cylind 
pas ent ,o pte y be hm gree yy ey 
drawn back owing to the backward motion of the Wonew Fy 
(Accepted December 18, 1918.) 


aa series af lo 


pial243 FW. Lanchester, London. 
invention —-& to the hadeshe PA 
engines. The invention cons in brief, 


to or forming part of the connect g rod a, a 
form, — to lift or convey the ofl 
the cran to the 


the pr of the connectin 
the — into 


et 


» an oil pip h 
os pepe Bene by 
e form of a spring, and then 
by iaganal pressure combined with tension on 
tbe Soren tequieet enn be obtained 
a number ‘cheese-shaped studs in a row and winding 
y yng! yy the direction of wind 
the same, that is to say either uniformly clockwise or 
clockwise. The lubrication tube so formed is laid 
milied in one or other of the flanks of the connecting 
section of rod employed may be as commonly used in 
engines, namely, that of the ordinary rolled Polst or “I 


a 5¢ 
& on 5 
eniie! 


FT| 














It will be understood that the axis of the loops is arranged parallel 
to the axes of the crank-pin and geon-pin. The crank- 

is fed with a copious supply of lubricant, a certain amount of 
which finds its way into orifice of the looped tube aforesaid. 
As the connecting rod swings, the oil thus entering the lubrication 
tube finds itself thrown round the in ror and so is 
dynamically pumped from one end of rod to the other. From 
the delivery end of the lubrication tube, and Fg 

w 


"yp beart 
sequive’, $0 eek lok surface of to the piston Ite, and 


slip 
thereby as Tabriontion is secured, ing of the 
tube requires to be in the right direction to yh with the 
direction of rotation. When the invention is agures to everine 
ines, two pipes are fitted, arranged of ite hand, so that 
wi ever way the will 

} ig alternative pi; arranged as separate 
pipes are 

pm possible, so that the oil delivered by the 
ot readily find its way back by the other. (A 
Doctor 18, 1918.) 


is 

















without the interposition of a 


gasholder, the throttle valve 6 


of the internal-combustion engine may be in with 

the valve 7 controlling the water Se Se 

—- — may take the Se vase e y Aye yt 
ve for the purpose of Such apparatus 

larly useful in val with ms vehicles wherein 


motor-driven 
producer gas is employed as the fuel for the internal-combustion 





to be supplied. (Accepted 
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HYDRAULIC MACHINERY. ' 


121,186. Davy Brothers, Limited, Sheffield, and C. A. 
Sheffield. Hydraulic Valves. (1 Fig.) December 6, 
1917.—This invention relates to hydraulic piston valves, The 
two piston valves (that on the left is the inlet valve and that 
on the right the exhaust valve) are arran: side by side with 
their axes vertical, within a single casing having a central 
chamber 4 through which both valve spindles pass, and which is 
in open communication with a lateral branch b connected with 
the press cylinder (not shown). Above the chamber a is a port c 
in open communication with a second lateral branch d connected 
with the source (not shown) of hydraulic poomare 5 the port ¢ 
is ada to be put in communication with the chamber a by 
@ vertical bore cl, thro which passes the inlet valve spindle. 
Beneath the chamber a is a passage ¢ in open communication 
with a third lateral branch (not shown) connected with the 
exhaust; this exhaust passage ¢ is adapted to be put in com- 


munication by oa vertical bore f1, through which —— the | White. 
m 


exhaust valve spindle, with that portion f of the r a, 
which immediately surrounds said spindle, and which thus 
constitutes in effect the exhaust valve port. The two valves 
are similar in construction. The opening of the valves alter- 
natively i+ effected by acamg. The sliding cup leather & in each 
valve is of U-shape in cross-section. The external diameter of 
each leather & is adapted to fit that section cl or /1 of the bore 
wherein the leather rests when the valve is closed, as shown in 
the case of the inlet valve, but out of which the leather is raised 
entirely when the valve is opened, as shown in the case of the 
exhaust valve; the lips of the U-shaped leather being directed 
upwards in each case so that the leather wil. be distended radially 
by hydraulic pressure when the valve is closed. Each leather k 
is provided with a movable annular shield 0, which, throughout 
the greater part of its length, has the same internal diameter 
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asthe bore section ¢l or 1, and which extends upwards across 
the port ¢ or f into a chamber ol surrounding the sleeve ml. 
Normally (é.¢., 80 long as the valve is closed) the shield o is held 
down by a +y- r so that ite flat annular lower end rests in 
contact with level surface surrounding the upper orifice of the 
bore section cl or f1, the shield o then constituting virtually an 
upward continuation of said bore section ; but when the spind e h 
has been raised sufficiently to carry the leather & upwards whollv 
within the shield o, a shoulder at the lower end of the sleeve m1 
en an internal flange on the shield and causes the latter, 
during the remainder of the upward mo t of the spindle A, 
to rive as one with the spindle and leather, thus opening the 
e or f to the bore jon cl or fl. On the valve spindle A 

ing allowed to descend under the stress of the spring j. the 
shield o is carried downwards by the spring r until it comes to 
rest against the surface surrounding the upper orifice of the bore 
section cl or fl, after which the spindle A in its further descent 
to normal position carries along with it the leather &, which thus 
from within the shield o into the bore section cl or /1. 

he leather & is distended by hydraulic pressure, which is allowed 
to gain access to its inner surface by way of notches (not shown) 
on the outer periphery of the shoulder on the sleeve ml and 
corresponding notches on the inner periphery of the internal 
flange on the aleeve 0, (Accepted December 18, 1918.) 4 


MINING, METALLURGY AND METAL WORKING. 
121,201. T. Lumsden, Gat and J. Smith, New- 


eshead, 
+ = pat he era Ingots. (3 Figs.) December 17, 
1917.—This inveation to casting ingots. Apparatus, in 
Fig./. 





accordance with this invention, comprises a mould supported in 
a collar pivotet to a table which is carried on rollers, and is 





roller adapted to bear on a step cam, the arrangement being 
such that as the table is rotated, the collar carrying the ingot is 
tilted a ver) small amount once in every revolution, or periodically 
and al to come back to the vertical ition with a shock. 
Buffers may be provided between the collar and the table to 
take the shock of the jar if desired. On the bedplate a of the 
machine is mounted a table b provided with a circular rack c 
adapted to be supported by ro lers d and to be driven by a bevel 
pinion di on the shaft ¢. The bedplate a is provided with a 
stepped cam face f. Pivotally mounted on a table db is a collar g 
rovided with a roller h adapted to run on the cam face. 
he a mould j is provided with a flange k vy to rest on 
the Buffers m, m are provided on the collar and table. 
In use, as the table is rotated, the mouid is given a jar on each 
revolution as the roller A passes over the step of the cam. 
(Accepted December 18, 1918.) 
121,213. J. 
» London. 
D. Brookfield, age London. ces. 
(¢ Figs.) January 14, 1918.—This invention relates to smelting 
rnaces provided with a metal container or preheater that forms 
a closure to the furnace =a. Between the two furnaces, a, al, 
and in direct communication therewith, is a chamber 6 that 
forms a connecting conduit between the two outlets & for the 
ducts of bustion coming through the preheaters i of the 
furnaces, This chamber forms a a for the ingots which 
are to form a part of the next charge of either furnace. Adjacent 


Fig.1. 











of the carriage to distribute the strain equally along same and 
prevent any canting action. The bed is formed with a narrow 
guideway 6 (preferably raised) for the carriage to reduce capting, 
and the rear part of the bed, between the fast and loose heads. 
C, D is arranged to constitute an inclined grate 61 to direct the 
cuttings to the rear of the machine and cause the lubricant to be 
drained through such grate into a sump formed in the bed or legs 
which puneeet same. The upper surface al of the carriage at each 
side of cutting tool is also inclined to direct the cuttings and 
lubricant to the grate. The carriage is traverred along the bed 
by any suitable mechanism, and when provided with a rack- 
and-pinion feed a feature of the invention consists in arranging 
for rack a4 to move with the carriage and the control or 
driving wheel a2 for actuating the pinion to occupy a permanent 
position at the front of the bed, about the centre of the traverse 
of the . The rack occupies a ition between the point 
of the cutting tool a and the centre of the guideway on the bed. 
so that all canting action of the carriage is eliminated to a 
minimum when the lathe is in use. To enable a long carriage to 
be employed, the fast and loose heads are offset so that the carriage 
can pass same, the rear portion of the carriage resting on a hori- 
zontal surface, which may be extended at the ends of the bed to 
support the fast and loose heads. (Accepted December 18, 1918.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c, 


Onions Pneumatic Engineering 
Company, Limited, Birmin » and A. icholson, 
Birmingham. Liquid Fuel Burners. (4 Figs.) Novem- 
ber 21, 1917.—According to the invention, the adjustable nozzle, 
which 1s screwed on the front end of the outer tube, is provided 
on its conical interior surface with a series of ecrewlike vanes, 
the longitudinal edges of which vanes contact with the cylindrical 
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crucibles d@ that are to be subsequently used in the furnaces, 
provision being made for the conveysnce of the products of 


chamber by the communicating opening j. With a view to 
facilitating the travel of the products of bustion or i ing 
the length of flame delive into the metal heating chamber b, 
vertically disposed holes r are provided within the refractory lining 
h ; these holes are open to the top of the furnace and convey the 
hot gases direct therefrom and deliver them more or less near to 
the top of the preheater ¢ of the furnace without having to pass 
thro the contents of the container. Obviously, the two 
furnaces a and al must be so placed with regard to the metal 
heating chamber b that when the preheater is in its normal 
position practically a close joint is formed therewith, as shown, 
to prevent the escape of the products of combustion. (A 
December 18, 1918.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


121,148. William Asquith, Limited, Halifax, and 
G. Feather, Halifax. Lathes. (4 Figs.) November 2, 1917., 
—According to this invention, the carriage A extends over a 


































































































sufficient portion of the cutting way of the bed B on which it 
slides to _—_ .ecess of cuttings to the latter or to mechanism 
connected therewith in any position of the carriage, and the 





adapted to be rotated by a lar rack and pinion or by any 
other convenient manner. On the underside of the collar is a 








tool @ is mounted approximately midway between the ends 


to this conduit is provided a second chamber ¢ to receive the | 


combustion from the metal heating chamber into the crucible | 


inner tube of the burner or with a detachable mouthpiece on 
the said tube. The vanes may be wtegral with the adjustable 
nozzle or formed separate therefrom and attached thereto, the 
| vanes constituting guides for the air under pressure ar it passes 
| to the mouth of the burner, and air being caused by its passage 
| 





| 
| 
| 


| between the vancs to perform a rapid rotary or whirling motion 
| as it leaves the mouth of the burner, the oil spray issuing from 
| the axial jet being caught in the whirling current of air and being 

thereby very —— atomised. a is the outer or air delivery 
{ tube of the burner, and al is the inner or liquid fuel delivery tube. 
| b is the axial spindle by which the supply of liquid fuel is con- 
| trolled, and c is the adjustable nozzle by which the air jet is 
| controlled. In the nozzle ¢ is the series of screwlike vanes cl, 

four being shown integral with the nozzle ce. The inner tube al 
| has a detachable mouthpiece @, cylindrical externally and conical 
| internally, and having projections dl which constitute supports 
| for the spindle b near its free end. (Accepted December 4, 1918.) 


j 121,228. ‘J. Gardner, Patricroft. High-Speed Recipro- 
cating Engines. (3 Figs.) February 18, 1918.—This invention 
relates to means for eliminating torsional vibration in the crank- 
shafts of my ah ta reciprocating engines. Such means usually, 
comprise a multiple-plate type clutch by which a body of adequate 
moment of inertia is connected to the crankshaft eo that the 
torsional vibrations are abrorb«d in the clutch. The invention 
comprises an improved arrangement of the clutch parts which 
gives high efficiency as a clutch for the desired puryosre, and is 
| capable of continuous use without its torsional vibration damping 
| property becoming impaired. ‘he hub a upon the crank:haft, 
' which forms the driving element of the torsional vibration damper, 
| has key grooves or slots therein, but the annular clutch members b 
| driven thereby are of T, L, or Pg yg T or L-shape, in 
ee the head part of the T or base of the L having 


| 


| keylike projections thereon for engaging the slots in the hub. 
| The stem of the T or L forms the frictional driving portion for the 
| rings c, which are of flat, channel or other shape, and are keyed 
to the flywheel rim d. Springs e bear upon the end ring or rings, 
|or may unter the channels therein, for maintaining the rings 
| and the interposed elements in driving contact. It will be 
understood that the annular elements or clutch members } and 
the friction ey or members ¢ are free to slide with respect to the 
hub a and the flywheel rim d. The surface of each ring c, which 
contacts with au annular clutch member b, preferably radial 
grooves f therein to prevent the formation between the clutch 
| members 6 and the rings ¢ of an unbroken film of lubricant of 
| sufficient thickness to prevent an efficient driving connection 
| between the parts. (Accepted December 18, 1918.) 





Tue Dorr Taickener.—A description is given in 
The Iron Age, New York. of the Dorr thickener for 
utilising the waste water and the sluige from blast- 
furnace gas scrubbers. It is «aid to recover 95 per cent. 
of all ores carried in gas-scrubber discharge water, for 
recharging raw, mi for sintering machines or 

up in briquettes ; it clarifies gas-ecrubber discharge water 
so that it may be di into rivers, or be reused after 
cooling. 















